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Introductory Statement

Nurxsery Production--A Student Handbook, is one ¢of a series of instruc~
tional aids prepared and edited by the Department of Agricultural Education

through a contractual agreement between The Pennsylvania State University
and the United States Office of Education, Division of Adult and Vocational
Research. 1In addition to the development of instructional aids, the con~
tract provided for 2 teachera' institutes in ornamental horticulture. The
institutes were held July 5-22, 1966, and July 3-21, 1967,

The 54 teachers from the Northeastern States who participated in the
teachers' institutes were asked to evaluate and help improve the organiza-
tion and content of this instructional aid. Tﬂeymfield-tested this unit
w*th cl cages in cheir schools. - ' |

A special advisory commitree has provided guidance in the selection
of areas of emphasis ior this. unit of hinstruction. The committee has

fjassisted by outlining key problem sreas and by Suggesting important sub-
*;{ject“métter information to be included.kk n- addition to James E. Brewer,_
ngr., kChiko Har:amaki, iobert P. Meshl, and Craig S. Oliver, who have been
\previouslylcited the following persons have served. in an advisory cspac—
t‘ in th. developmentiof this unit of instruction-' Virgil E. Christensen,
enter \ snd Technical Education. The Ohio State University,

Richard F. Stinson, Project Director
David R. McClay, Associate Project Director
Glenn z. Steveus, Assoclate Project Director




EDC 57242

The research reported herein was perforr pursuant to a contract
with the Office of Education, D.C. Department of Health, Education
and Welfare. Contractors undertaking such projects under Government
spcnsorship are encouraged to express freely thelvr professional
judgment in the conduct of the project. Points of view cr opinions
stated do not, therefore, necessarily represent official Office of
Education position or policy.
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CHAPTER 1

KINDS OF NURSERIES

Learning Objectives

1. To become aware of the size of the nursery industry in the U.S.
2. To understand how the nursery industry developed in the U.S.
3. To recognize the difference between a retail and a wholesale
nursery business,
4. To become iware of the different types of businesses within the
2 major categories of the nursery industry -~ wholesale and retail.
5. To become familiar with the activities involved in the production

and distribution of nursery stock.

Key Questionsg

1. What is the function of a wholesale nursery?

2. How do wholesale nurseries sell their products?

3. What is the difference between a nursery salesman and a nursery
sales agent?

4. What is the function of a nursery retailer?

5. Hew did the nursery industry develop in this country?

6. How do mail-order nurseries differ from other nursery retailers?

/. Why have garden centers become an important marketing outlat for
nursery stock?

8. How does a landscape nursery differ from other retailers of nursery

stock?

Key Words

"Annuals ~ plants that complete the life cycle, from seed to seed,

in one season
Biennial ~ annual plants that require exposure to the winter season
before they can flower
Bulb - an enlarged underground part of a plant composed mostly of

enlarged leaf-like scales (tulip)

g




Consumer -~ a persorn who consumes (''uses up'') a product
Corm - an enlarged underground part of a plant composed mostly of stem
tissue (gladiolus)
Cultivar ~ a popuiation of identical planta (the same thing as ''variety'")
Cutting ~ & part of a plant, usually a stem or root piece, that is
induced to produce rcots And to grow into a new individual plané
Design - to draw a plan on paper to scale 8o actual measurements can be
converted from it
Groundcover - a low-growing, spreading plant
Herbaceous + soft stemmed
Liner - a small plant of suitable size for planting in rows (lines) in a
nursery
Nursery - a business firm that propagates, grows, and sells trees, shrubs,
vines, and flowering plants; it may engage in any one or all of
these activities
Perennial -~ a plant that lives for several to many years
Seedling - a small plant grown from a seed
Stock ~ saleable products; in a ruarsery, ''stock'" refers to plant materiél
Transplant ~ a young plant of suitable size for planting in a permanent

position (about 2 to 4 inches tall)

Kinds of Nurseries

The nursery business, as defined by the American Association of
Nurserymen, refers to the production and/or distrjibution of plant materials,
including trees, shrubs, vines, and other plants having a persistent woody
stem or stems, and all herbaceous annuals, biennials, or perennials gener-
aliy used for outdoor planting, by those companies whose major activities
are agricultural or horticultural. It includes such business activities
as the planting and sowing of landscaped areas. Although nurseries in the
Western and Southern states produce and sell vegetable and annual flower
transplants, in the Northeastern states these are usually produced by
greenhouse firms that distribute them through retail nurseries, garden
stores, and chain stores.

This Chapter discusses the importance of nurseries in the United

States, how they developed, and some details about the kinds of wholesale

9

and retail nurseries.
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Importance of the Nursery Industry

The 1969 census figures for the value of nursery crops will probably
not be available until some time in 1972. At that time it will be inter-
esting to compare them with the following information from the last census,

taken in 1959 (sece page XXV of Reference 49) .,

Table 1. Wholesale value of three groups of nursery stock in 1959.

Groups of Nursery Stock Wholesale vValue

Lining cout stock $ 8,000,000
Ornamental plants $125,000,000
Fruits and nuts $ 22,000,000

Total ] $155,000,000

While the total value H;é-certainly increased in the last decade,
(10-year period), it would be difficult to predict relative increases or
decreases among the three groups. o

The 1959 census showed that 3 Northeas tern states,--Pennsylvania,
New York, and New Jersey were among the 10 leading states in numbers of
nurseries. Table 2 ghows the ranking of these 10 states. (fhis is
from pages 3 and 4 in Reference 49) . There were 6,757 nurseries in the

United States in 1959.

Table 2. Ranking of the 10 leading states in numbers of nurseries

State Number of Percent of
Nurseries U.S. Total
California 712 i0.5
Florida 684 10.1
Texas 424 6.3
Pennsylvania 409 6.1
Ohio 408 6.0
New York 387 5.7
New Jersey .329 4.9
Michigan 327 4.8
Illinois 251 3.7
Oregon 237 —3e5
Total 61.6

It is interesting to see thatgpearly 62 percent of the nurseries in the

O 1ited States were located in only iO of the 48 states in 1959.

ERIC 10
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The Northeastern states accounted for over % of the numbers of
nurseries in the U.S., and for about 1/8 of the value of crops grown in
1959, according to Table 2. These figures are from pages 3 and 18 in
Reference 49,

More recent national figures for 1966 from Reference 40, Scope of the

Nursery Industry 1968, indicate a wholesale dollar volume of 525 million,

and a retail dollar volume of 1.6 billion. Employment in the nursery
industry in the United States in 1966 was 50,000 permanent employees with
110,000 at seasonal peaks. Table 3, below, shows the kinds of U.S.
nurseries, their percentage numbers, and percent of dollar volume for 1966

as reported in Reference 49.

Table 3. Kinds of U.S. nurseries, their percentage numbers, and

percent of dollar volume for 1966.

Kind Percent of Percent of

Firms Dollar Volume
Wholesale 37% 427,
Landscape 327 2479,
Garden Center (Plants) 15% 9%
Unclassified 6% 7%
Garden Center (Other) 5% 4%
Maintenance Firms 3% 1%
Retail Mail Order 2% 13%

Developmerii of the Nursery Industry

The first commercial nursery on the North American Continent was
established in 1730 at Flushing, Long Island, N.Y., by Robert Prince.
He obtained his seeds and cuttings of ornamental trees and shrubs from
the French Huguenots who brought them to the Western Hemisphere. Four
generations of Princes kept the nursery in operation for a period of 125
years. .

From 1750 to 1850 the nursery industry expanded slowly along the
Atlantic Seaboard and toward the West.

The first evergreens to ke grown commercially were raised by Robert
Douglas, ipn Illinois, in 1844.

The practice of keeping nursery stock over winter in a cellar storage,

" which revolutionized the nursery industry in the United States, wae intro-
ERIC duced by William Heikes, in Alabama, around 1850.
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The markets for nursery stock
expanded with the development of

improved transportation in the form
of canals and railroads in the
early part of the 19th century.

Early nurseries produced most-
ly fruit trees for farm orchards.
These were sold by traveling sales-
men who went from farm to farm.
Plant orders were shipped by rail
or canal, and the agents were

given a percentage of the amount

collected.

Figure 1, Horticulture students During the 1920s the demand
at The Pennsylvania
State Agricultural
College about 1900. began to equal, and finally surpass,

for shade trees, shrubs, and roses

the demand for fruit trees. The
development of the parcel post system and Rural Free Delivery during this
period made it possible for customers to order and receive nursery stock by
mail. The rates were low, and large pPackages could be sent by mail. During
this time the mail order nursery business increased rapidly. It is still an
important marketing channel for nursery stock.

The Depression of the 1930s led nurserymen to start marketing through
department . :ores and discount houses. To keep the plants in fresh condi-
tion for sale, they were wrapped in waterproof paper with moist packing
material around the roots.

The development of garden stores came after World War II. They became
Popular because they eliminated the necessity for stopping at a hardware
store for seeds, fertilizer, and handtools, at an equipment dealer for gare- -
den equipment, and at a nursery for plants. The garden store provides
"one stop" shopping.

The following sections on "Wholesale Nurseries'" and '"Retail Nurseries
and Retail Outlets" are written as though there vere sharp distinction
between these functions. This was done to help zive a clear pPicture of
how nursery plants are marketed. Some businesses may serve as wholesale
growers, agents, and jobbers all at the same time. Some wholesale grower

ERIC 12.
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nurseries also operate garden stores and mail order businesses in addition

to eelling plants wholesale.

Wholesale Nurseries

Wholesale nurseries produce and/or sell stock to other producers and
to retailers. They do not sell directly to ultimate consumers.

Wholesale Grower Nurseries produce most of the stock grown in the nur-

sery industry. The function of the wholesale nursery is to grow nursery
plants to marketable size and to sell them in large lots to retail outlets
through its own salesmen or through agents, brokers, or wholesalers. Wwhole~
sale growers grow large quantities of a wide variety of plants. Many grow
over 200 different species and cultivars of plants. They produce shade trees,
flowering trees, evergreens, shrubs, vines, groundcovers, fruit trees, grape
vines, berry plants, perennials, and rose plants.

The nurserymen in a wholesale business sell their products by mailing
price lists to members of the nursery industry. These iists consist of
items offered for sale, together with their prices. These lists sometimes
include descriptions and uses of the plants,

Other wholesale nurserymen sell their products through advertisements
in trade journals,--publications devoted to the interests of the industry.
Still another method used by businessmen is by means of salesmen who call
on members of the trade. These men are well qualified for their jobs.

They are familiar with the plants they have for sale and their uses,
render valuable services to their customers, and pick up many useful ideas
in their travels which they can share with others. They also collect
market information which is of great value to the management.

The establishment of a wholesale nursery business requires a large
amount of money, which is needed for buying land, constructing offices,
storage rooms, greenhouses and irrigat’on equipment. Trucks, tractors,
and machinery are also needed in the nursery operation of planting, culti-
vating and harvesting.

Wholesale Grower Speciallsiz limit their production to a particular
kind of plant, or a particular grcup of plants. There is a trend toward

increasing numbers of this kind of nursery. Sume nurseries produce
© nly roses; others, only broad leaf evergreens, or groundcovers,

13




>lants, or shade trees. There are propagation specialists who sell only
rooted cuttings, seedlings, or liners. Some wholesale grower specialists

yroduce only container-grown plants.

A Nursery Salesman is em-

KOELREUTERIA paniculata. 25'.30' (Zone 5) Varnishtree 1 d b d i
Bright yellow in July. A luabl tract . ovye i
Brig XlesoOZal'}goxveGr:I:(:nrt:d};l-tree.v"y valuable and attractive small ploy y the producing nurs ery
6to 6ft. 7.20 5.80 4.80
6to G2t 10.75 9.00 7.20 company and is paid an annual
gttt s to 2% in, BAB 30,08 3428 230
™ o n., BB ......... ! D0 .
9 to 12 fk, 2% s 8 In., BEB . 48.30 azoe salary or & commission (percentage
10 <0 12 ft., 8 t0 3% in., B&B ...or '80.10 69.60 i
KOLKWITZIA amabilis. 68 (Zone 4) Benutybush of the value of each sale) or both.
& distinctive vivid, clear pik Aowering shrub. Very effective.
18 to 24 in. 1.10 16 60
2t0 81t 150 110 0 He makes sales to other nurseries
RS I 1.85 145 120
L and retailers. He may or may not be
LABURNUM vossi (watereri). 18'-2¢° (Zone 5) Goldenchain assigned a geographical area

This is & selected hybrid of vulgare with lerger and showier flower
clusters. One or the most beautiful and gopular apring flowering

trees, "t e "
o 61 650 5 25 o ( rritory'") to cover. His travel
8t 101k 1% oqe 780 expenses are covered by the compan
10 to 12 £, 2% to 8 in., BEB ........45.30 42.00 p y ompany
LARCH (Seo LARIX) He sells only at prices set by the
LARIX europaea (decidus). 50'-60° :Zone 2) European Larch
Grows rapidly. Especially good for spring effects.
2 o 2% ft, B-fr. CADE cveoerreeicserrnnnees 4.70 370 ... company, which usually include a
8to 191t, 2% to 8 in., B&B. ..44.60 3866 ...
10ts 121t,8 to 8% ir., BAB .......73.00 6350 .. disccunt for ]_arge quantit ies,

igure 2. A wholesale nursery Wholesale nurseries also have
price 1ist. " "
a "home office'" salesman who handles
elephone orders, mail orders, and completes sales to persons who call at
he nursery sales office. The "home office'" salesman very often also func-
ions as thc sales manager for the firm.

A Nursery Sales Agent or Sales Representative is an independent sales-

an who enters into a contract (agreement) to represent the nursery,

sually within a '"territory." He sells the stock at prices set by the
roducing nursery. He is not on a salary, but receives a 5 to 10 percent
ommission for his services. He pays all of his own expenses. Although

e may or may not have the plants in his physical possession, he does not
ake title to them. "Title" refers to ownership. Legally, the plants are
owned" by the producing nursery until they have been sold. When sold,
wnership goes to the purchaser. The nursery sales agent takes orders from
urseries and retailers and fills them with stock that he has on hand, or
ore frequently, forwards the orders to the producing nursery he represents,
1ich then ships the ordered stock directly to the purchaser. A nursery
ales agent actually performs only the selling function in the marketing

rocvss, and ha8s no other cbligation to either buyer or supplier.

Q
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A nursery sales agent may have contracts with several nurseries at the
same time. His office could be 2000 miles or more from the nursery

(or nurseries) he representcs.

A Nursery Jobber is a firm employing salesmen as full time employees.

This firm may operate in-one or both of two different ways.

It may purchase and take physical possession of large lots of nursery
stock from wholesale nurseries. This stock is then sold in smaller lots
to other nurseries, landscape c¢ontractors, garden stores, and other retail
outlets (this is known as ''re-wholesaling'). The nursery jobber tries to
get the best price it caa; the mark up is often 35 to 40 percent or con~-
siderably higher.

Another way in which a nursery jobber may function is to sell stock
for wholesulers at the regular w.olesale price, for which a commission of
20 to 25 percent is received. In this instance the jobber does not take
physical possession of the stock, but it is shipped directly from the pro-
ducer to the purchaser. However, this performance differs from that of
the nursery agent (or nursery representative) in that the
nursery jobber assumes credit risk and responsibility for any adjustments
that might have to be made.

The nursery jobber almost always represents many wholesale producers,
sometimes even competing ones.

The salesmen employed by the jobber work on a salary or commission or
both.

Wholesale growing nurseries will often purchase large lots of plants
of certain kinds from other wholesale growing nurseries to f£ill depleted
stock or to have plants on hand of certain species which they do not grow
themselves. In a limited sense, then, a wholesale growing nursery may

occasionally perform some of the functions of a nursery jobber.

Nursery stock may be sold retail by landscape nurseries, garden stores,
or non~nursery outlets. Some chains of garden stores and mail order
businesses are owned and operated by large wholesale grower nurseries.

15



The Landscape Nursery sells

and plants landscape jobs. It mav
design landscape plans >r follow
plans made by a landsca.e designer

or landscape architect. These

firms may offer a complete service
in preparing the landscape plans
and executing them. Many land-
scape nurseries grow some of their
own stock, but the trend is to
merely purchase finished stock and
hold it in shaded beds until it is

Sold. The landscape nursery often

Figure 3. A landscape nursery "special order" plant material for
designs and executes

landscape plans. large landscape jobs. The equip-~

ment needed includes trucks, trac-
tors, tillers, hand tools, and special machines for handling large trees.
Some landscape nurseries also offer maintenance services, usually at a
monthly or annual rate. A landscape nursery usually has an office for
record keeping and for the convenience of customers, but the sale of most
landscape jobs takes place in the customer's home.

A Landscape Contractor is a specialized kind of landscape firm. It

does not prepare landscape plans, but executes the plans designed by a
professional landscape architect or desjgner. The landscape contractor
constructs pools, steps, walls, walks, and terraces according to the plan,
and purchases and plants the trees, shiubs, and other plants specified in
the plan. The landscape contractor is often concerned with large projects,
such as highways, industrial plants, commercial buildings,and municipal
parks, but also handles private residences and small businesses as well.
Some landscape contractors do primarily landscape maintenance of
institutional, business, or private residential grounds. This is often
done on a monthly fee basis, and may include auch off-season activities
as snow removal. Somelimes maintenance contracts include the occasional

replacement of shrubs o1 trees when appropriate.

-’
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A few landscape contractors supply and maintain large containers of
trees, shrubs, and flowers for shopping centers or other businesses on a
rental basis. This is being done extensively on the west coast.

An additional service offered by some landscape contractors is that
of installing and maintaining indoor landscapes for shopping centers, in-
stitutions, and businesses. There is a trend toward increased use of this
kind of service. The persons involved in this work must be trained in the
special construction problems involved and must know the appropriate tro-
pical plants to use and the special maintenance techniques that are re-
quired.

Garden Stores or Garden Centers are important in nursery retailing.
In quantity of stock sold, garden centers and garden departments in chain
stores sell more nursery stock than landscape nurseries and landscape con-
tractors. Garden stores sell nursery plants, seeds, bulbs, roses, vege-
table and flower transplants, fer-
tilizer, mulching materials, pest
control materials, tools, equip-
ment, outdoor furniture, and out-
door ornaments,

The garden store is housed in
a building for displaying the pro-
ducts and protecting them from the
weather. The nursery stock is held
in an outdoor area, usually beds
under lath or woven plastic cloth

sun shade. It sometimes has green-

houses for displaying house plants,
Figure 4, A garden store offers potted plants, and vegetable and
"one stop" shopping. flower transplantis.

Garden stores vary in their operation. Some are strictly ''cash and
carry;" while others extend credit, make deliveries, and may even offer
landscape design and planting services. There are self-service garden
stores, similar -to supermarkets- in . their operation. Others have sales per=-

sonnel who give technical information and guide customers in the selection

-
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of merchandise. Some chains of garden stores have over 30 outlets.

Mail Order Nurseries are third in the volume of nursery stock when

compared with garden stores and garden departments in chain stores, and
with landscape nurserymen and landscape contractors. Many mail order
nurseries have also begun to sell fertilizer, pest control materials,

and small tools and equipment. Millions of free, colorful catalogs are
mailed to prospective customers early each year. There is usually a small
charge for the more elahorate catalogs. The plants are shipped to the
customer by parcel post or express at the appropriate planting time for his
particular location. Currently, about 15 firms are doing about 80 percent
or more of the mail order business. Many are using computerized methods in

order to keep competitive with other kinds of retail nurseries.

Figure 5. Mail order selling of nursery stock has been important for
about 70 years.
Non-nursery outlets sell a high volume of nursery stock. Some kinds
of non~nursery outlets that sell nursery plants on a short time seasonal
basis are grocery, hardware, department, variety, florist, and drug stores,

as well as produce stands and farmer's markets. Sales are usually strictly

18
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"cash-and-carry,'" only inexpensive plants are sold, and the quality is often
not good.

Some depar tment store chains have ''garden" or ''plant'" departments
that are operated on a year around basis. They often sell nursery stock
along with other kinds of plants, supplies, and equipment. These depart-
ments often lack facilities for proper care of the plants, and frequently
lack personnel well qualifiied to answer customer questions. However, some
departments do have appropriate facilities that are well managed and offer

excellent products and services.

cp



CHAPTER 2
OCCUPATIONS IN NURSERY PRODUCTION

Learning Objectives

l. To learn about the kinds of occupations in the nursery business and the
duties and responsibilities of each.
2. To learn about the kinds of education and experiences needed for each

occupation.

Key Questions

1. What categories of jobs exist in the nursery business?
2. What skills are needed by people in nursery occupations?
3. How can one learn these skills?

4. Which occupations are prevalent in your local area?

Key Words

Crew - a group of men working on one job or under one foreman

Details - attention to praticular items

Entomology - the study and control of insects

Peak work licads - a period wher labor is in great demand

Pathology - the study and control of diseases

Policy - a procedure or method used to guide and determine present and future

decisions

Promoting ~ to help bring (as an enterprise) into being

Propagation - producing new plants from parts of whole plants, or from seeds

Skilled - ability to use one's kuowledge effectively in performance

Stockholder --one of the owners of the capital (invested money) that a firm
| uses in the conduct of a business

Tolerance - the maximum amount of a pesticide residue that may lawfully

remain on or in plants |
Unskilled worker - ome who lacks training in the performance of a particular

occupation
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The Nursery Business as a Career

The nursery business may have a satisfying and rewarding position for
you if you have the interests and can develop the abilities needed.

People who have been successfully employed in nurseries have an
interest in plants, enjoy outdoor work, and like people. They also are
honest and have an even disposition, are willing to work (at times~~hard),
and are willing to assume some responsibility. The ability to use
imagination and to take the initiative in getting things done usually
resu'ts in advancement in position. There are rewarding positions for those
with sales ability. Those with a well-developed artistic sense may find
landscape~nursery work especially interesting and satisfying.

After reading about positions in the nursery business on the following
pages, you may wish to do some further reading about the careers of some
successful nurserymen in chapter VIII, p. 75-87 in Reference 51. Your

Future jn the Nursery Industry. Chapter IX, p. 88=-94 tells about satisfactions,

while Chapter X,p.p. 95-99 gives the disadvantages of this business. Chapter
XII, p.p.111-124 gives suggestions for planning a career in the nursery busi-
ness. Chapter XIII, p.pl24~127 gives some good tips on applying for a job
in a nursery business.

Organization charts, figures 6, 7, and 8, pages 29 and 30 indicate the

lines of responsibility among the positions in several kinds of nurseries.

2
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Nursery Worker

A nursery worker is under the supervision of a nursery foreman and
needs to know plant material and the cultural techniques required. He
needs to know how to operate the special equipment used in the nursery
business. He must be able to work effectively with a group of people and
be interested in some '"on=-the-job trainiag."

Some nursery workers have not finished high school, while many are
high school students gaining work experience, and some are high school
graduates with training in ornamental horticulture.

A nursery worker usually receives from $3,500 to $5,000 per year.
Temporary, unskilled workers are often hired at times of peak work loads,

such as fall digging of deciduous stock to be stored over winter,
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Nursery Clerk-Typist

A nursery clerk-typist 1s directly respomsible to the offire manager or
to a head secretary. Her duties may include writing letters, billing,
filing, and answering a tclephone. She may do some bookkeeping. She should
be able to spell plant names correctly and should know nursery terminology.
The salary range is from $4,000 to $8,000, depending upon experience and
responsibilities.
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Nursery Salesman

A nursery salesman is directly responsible to the office manager.

A nursery salesman needs to know the identy of all the woody ornamental
Plant material produced by his firm and appropriate uses for it. He needs
to know what sizes and grades are in stock and the current prices. He must
have sales ability and enjoy selling.

Most salesmen are high school graduates with training or experience in
selling and in nursery work. Some are graduates of two-year, post high
school programs, while many hold B.S. degrees.

A nursery salesman may earn from $5,000 to $10,000 a year or more.

Many 2re employed on a base salary, with the potential of a commission on
sales beyond a base annual sales volume. Others are employed on a salary

only, while others are on a commission only.
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Stock Man

The stock man keeps accurate records of what plants went into storage,
saleable stock in the field, what has been sold, and what is on hand. He is
directly responsible to tke sales manager. He checks regularly with the
storage manager and the production manager to Qake certain their records agree.
All orders pass through his hands so that he can maintain records that are
accurate on a day-to-day basis. A detailed knowledge of the nursery busi-
ness is not necessary, but a stock man must be familiar with the names of
the plants and grades and sizes. This position requires meticulous attention
to details. Women are sometimes employed in this pcsition. The salary
range is from about $5,000 to $10,000 per year.



- 19 ~

Nursery Foreman

A nursery foreman is in direct charge of a crew of nursery workers,

He is responsible to the nursery production manager. He must know woody
pPlant material well, and the cultural techniques of fertilizing, spraying,
planting, pruning, and harvesting{ Hé must be able to recognize symptoms of
insect, disease,or other signs of unhealthy plants. He must know how to
maintain and repair the specialized equipment used in the nursery business,
He must know how to work harmoniously with a group of men.

Many nursery foremen have had no formal training beyond high school,
but have had years of practical experience. Increasing numbers of them
have had post high school training in ornamental horticulture together with
work experience.

The salary range is from $5,000 to $8,000.

(A%
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Office Manager

A nursery office manager is in charge of promoting and selling nursery
stock., He is directly responsible to the nursery superintendent, or the
nurseryman. He must have an intimate knowledge of plant material, quality,
grades, costs, and prices of competitors. He must know the needs of his
market as well. He must know sales methods and techniques and how to help
his sales force accomplish their goals. He has direct charge of a group of
salesmen., fe is also responsible for purchasing, and supcrvises an office
staff.

The nursery office manager has had several years of training beyond
high school, not only in the nursery preduction but also in salesmanship.
Office managers nearly always reach that‘position only after having had
experience as successful salesmen.

The salary range is from $5,000 to $15,000,

27



~ 21 -

Physical Plant Manager

The physical plant manager of a nursery supervises the repair and

maintenance of all buildings, grounds, and equipment. He is directly
responsible to the nursery superintendent or the nurseryman, While he

needs to know the uses to which plants are put, it is not essential that
he know the fine details of plant culture.

He must be prepared to do major repairs to the heavy specialized
machinery used in the nursery business such as sprayers, diggers, and
herbicide applicators. In many cases, nurseries construct adaptations
of standard farming equipment such as tractor-drawn root pruners,

He must know building repair, as well ag plumbing, heating, refrig-
eration, and electrical repair. He maintains a check-off list of regularly
recurring maintenance jobs, such as oiling motors, checking accuracy
of thermostats, etc,

In a small nursery he may do this work himself with a helper or two.
In a large nursery he may super+ise a number of foremen, each with his

own crew of maintenance and repairmen. His Salary may range from ¢5,000
to $12,000.

28
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Storage Manager

The position of storage manager is found in large nurseries. He is
directly responsible to the nursery superintendent, or the nurseryman. His
duties may be performed by che production manager in smaller businesses.

The storage manager must know the appropriate time for digging
deciduous plant material and the appropriate storage temperature and
handling technique for each kind of plant. Hz must plan his schedule to
have an orderly inflow and outflow of plant material. He must overcome
disease problems in storage. He must supervise grading and packing of the
material and maintain the equipment required in this phase of the
operation,

The storage manager has usually had training beyond high school, and
has had several years of experience.

His salary may range from about $5,000 to $10,000.

29
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Plant Breeder

Large nurseries sometimes employ plant breeders. These people are
directly responsible to the nurseryman or nursery superintendent. Their
task is to develop new cultivars that are superior in growth rate, adapt-
ability, pest resistance, color, fruit, or form to those aiready in use.
In the past, plant breeders have developed superior cultivars of roses,
and more recen tly, their attention has turned to fruit trees, shade trees,
and shrubs. A plant breeder usually has a Master of Science degree or a
Doctor of Philosophy degree. He has had training in plant science and
genetics. It essential that he have a thorough knowledge of the nursery
business and a detailed knowledge of plant taxonomy. He may have one to

several assistants. His salary may range from $8,000 to $18,000 per year.
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Nursery Technician

A nursery technician is directly responsible to the nursery superintendent,

or the nurseryman, but he works closely with all the managers. He is

usually responsible for making recommendations for fertilizer applications,

and pest and weed control measures. He often } 21ps supervise these

activities.
He must be skilled in soil sampling, and soil testing; must know the

nutritional requirements of all crops in the nursery; must be able to set up

a fertilizer program and checks up on its effectiveness.

He must be able to identify insect and disease problems at an early

i
i
]
4
i

stage and must know the most recently devcloped techmiques and materials
for controlling them, and know the tolerance of the nursery stock to pest-

icide materials.
He must know the identity of troublesome weeds and when and how to

He must know the newest

i et T I At a7,

control them without damage to the crop plants.

hecbicide techniques and materials. f
The nursery technician is also often considered the "trouble shocter," i

and may be given knotty cultural problems to solve.

This position requires a person with good training in horticulture,

soils, entomology, plant pathology, and herbicide control. He must be

interested in continuing to learn and study. He usually holds a B.S. or

M.S. degree. The salary range is from $7,000 to $12,000.

» 31 . B
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Propagator

A nursery propagator is responsible to the nursery superintendent or

the nurseryman. He starts new plants from seeds, cuttings, grafting, or
other means. He may have several foreman and/or a number of workers in his

He must know the cultural techniques of oropagating hundreds of

charge,
know how to operate greenhouses, hot-

kinds of woody and herbacecous plants;

beds, and outdoor seed beds; and have a thorough knowledge of insect and

disease control. He must also Plan propagation schedules and be able to

identify plants readily,

He has usually had training and experience beyond the high school
level. Some nursery propagators have colizge degrees.
The anaual salary range is from $6,000 to $12,000,

ERIC
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Nursery Production Manager

A nursery production manager is in charge of producing the plant
He is directly responsible to the nursery superintendent
He must know cultural

material.
(or if there is ione, the nurseryman).

techniques, equipment use and maintenance, and personnel management.

e i,

He

must have a detailed knowledge of ornamental woody plants and their growth

He plans schedules for propagation, planting, transplanting,

requirements.
and harvesting crops of trees, shrubs, vines, ground covers and possibly

roses and perennial flowers. He must know how to achieve quality control.

With his foremen, he plans work schedules.
The nursery production manager has usually had several years of train-

ing beyond high school, together with severxal years of practical experience.

He may have a salary ranging from about $5,000 to $10,000 depending on

the extent of his responsibility.

ERIC
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Nursery Superintendent

In a large operation a nursery superintendent has respousi-~
bilities delegated to him by the nurseryman. 1In a small nursery the
responsibilities of the nursery.Superintendent are usually handled by the
nurseryman. He has general supervisior of the production manager, prop-~
agator, nursery technician, storage manager, sales manager, and physical
plant manager (if there ig one). He acts as a coordinator among all these
8o that the nursery accomplishes its objective of producing and selling
nursery plants profitably.

He usually has had several years of training and experience beyond
high school. He must know business management choroughly.

His salary may range from $6,000 to $18,000 depending on the extent
of his responsibility.
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Nurseryman

A nurseryman usually is also the owner and manager of the business,

In a large, incorporated nursery firm, he is directly responsible to the
board of directors (who are elected by the stockholders). He makes masjor
decisions in regard to financing, stock control, werk schedules, purchases,
sales, hiring and training of employees, maintensnce of facilities and
equipment, and expansion. Tt is his duty to determine policy. He must
make long-range and short-range plans of the work to be done, assign the
work to the appropriate positions within the company, make sure it ig
properly done, and evaluate the results, He frequently seeks advice and
suggestions from other nurserymen and experts, as well asg from employees
within the company. 1In a smalil nursery business, he may have all ie
managerial duties of all positions down to the foreman level. 1In a large
firm, stockholders determine policy and make major decisions, while the
nurseryman carries them out.

A nurseryman must not only know planc material and cultural techniques,
but also the business management aspects of a nursery. He has usually had
several years of training beyond the high school level. Many are college
graduates, He has usually also had a number of years of practical experience.
His salary may range from $6,000 to $20,000 or more depending on the extent
of his responsibility.

3o
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Nursery Organization

In a large wholesale nursery the personnel would be organized as
indicated in Figure 6.

ibility. 1In a smaller wholesale nursery, many of the positions would be
combined as shown in Figure 7,

indicated in Figure 8.

The lines between blocks indicate lines of respons-

A landscape-nursery might be organized as

Corporation
( Stockholders )
|
4
Nurseryman
l
Nursery
Superintandent
' | ' ) Y R 4
Office
Plant Prop— Product Nursery Storage Physical Manager
Breeder agator Manager | | Technic~| |Manager| |[Plant {Sales &
ian {Manager| | Purchoa-
ing)
R R N B B BN -
| men
Asst. Asst. Foremen Asst. Foremen Main. . .
) Men Sales—-
1 l men
Workers Workers Clerk- ‘j
Typist
Figvre 6.

a6 -

Organization chart for a large wholesale nursery.



- 30 -

Nurserymon
d (major stockholder)

e |

Production, Propagation Physical Plant ond Office Manager
ond Manager-Technician Storage Manager
Foreman Foreman Salesmen
Workers Workers C'".k‘
Typist

Figure 7. Organization chart for a small wholesale nursery,

Landscape—Nursery

/ (major stockholder) \
[ \4

Stock Control lastaliction Landscope Citice
Manager Manager Designer Manager
; E ! '
Foreman Foreman Assistants Salesmon
1 .
Workers Workers Clerk-Typist
o . Figure 8. Organization chart for a landscape nursery.
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Related Occupations

Some additional occupations that are closely related to Nursery
Production include:
Landscape Architect
Landscape Designer
Landscape Contra:tor
Garden Center Salesman
Nursery Broker
Nursery Iaspector
Teacher of Ornamental Horticulture

Research in Ornamental Horticulture

Additional Information

The following information about employment opportunities and numbers

of nurseries in Northeastern States jig derived from Reference 40, Scope of
the Nursery Industry, 1968. Horticultural Research Institute, Washington,

D.C.

In 1968, U.S. wholesale nursery production firms employed persons in
the catagories listed below, and estimated the number of additional (new)

employees they needed as indicated.

1968 Nuirsery Additional Personnel

Personnel Needed
Supervisory 5,700 1,700
Landscape Designers 150 500
Clerical and office Workers 1,850 380
Propagators and Growers 1,550 600
Salesmen 1,700 1,500
Skilled Workers _ 10,000 5,000
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The numbers of nurseries in the lesding nursery production states of
Northeast U.S. as given in table 4, were derived from U.S. Census of
Agriculture: 1959. Volume V, Special Reports, Part I. ~ Horticultural
Specialties, U.S. Bureau of Census, U.S. Government Printing Office,
Washington, D.C. 1962., Reference 49,

Table 4 . Numbers of nurseries in northeas &
United Stat=s in 1958.

S tate Nurseries
Pennsylvania 409
Ohio 408
New York 387
New Jersey 329
Michigan 327
Illinois 251
Indiana 162
North Carolina 158
Connecticut 148
Massachussetts 137
Virginia 116
Maryland 112
Wisconain 100
West Virginia 45
Delaware 23

Additional states cthat reported large numbers of nurseries included
Oregon, with 237, Texas, 424, Florida, 684, and Californis with 712.

Although there are no recent figuies or numbers of nurseries in each
state, Reference 40, Scope of the Nursery Industry 1968, gives a national
total of 5,500, a decrease from 6,757 in 1959.

The national trend is toward fewer, but larger nurseries, doing a
larger volume of business, with an urgent need for more employees who are

better skilled.
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CHAPTER 3

The Physical Plant

Figure 9. Aerial view of office and other buildings at a large wholesale

2.
3.
4.
5.

Q

ERIC

Aruitoxt provided by Eic:

nursery. (Courtesy D. Hill Nursery Co., Dundee, IL)

Learning Objectives

To learn the faccors to consider in the selection of nursery site.
To learn how the areas are usually arranged in the layout of a nursery.
To learn what facilities and equipment are necessary for the produc~

tion of nursery plants.

Kev Questions

What should be considered in choosing a nursery site?

Whec determines the layout of a wholesale nursery?

Why are relatively small greenhouses used for propagation?

What type of soil is best for evergreens? TFor deciduous shrubs? Why?
What determines the amount of space between rows of plants in field
grown stock?

What are the most important toolis and equipment used for nursery stock?
What are the advantages of using containers for growing plants?

What are the disadvantages?

What type of medium is used for propagating cuttings, seeds, and

seedlings?

- -
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Key Words

Asexual propagation - the production of new plants from shoot, stem,
leaf, or root pieces
Deciduous trees - trees whose leaves fall oft in autumn
Drainage ~ the removal of water from soil due to the pull of gravity or
air drainage - the movement of air downhill

Evergreen trees - trees with leaves that are green throughout the year

Greenhouse ~ a transparent structure in which plants may be propagated
and grown under controlled temperature, moisture, nutrition,
and light conditions

Green ‘manure - crops grown and plowed under to add organic matter and

nutrients to the soil

Heeling-in -~ temporarily placing newly dug stock in a trench, with roots
covered with moist soil, peat, or shingletow

Herbaceous perennials - non-woody flowering plants that live for 2 or

more years

Herbicide ~ a chemical for destroying undesirable plants

Insecticide - a chemical for destroying harmful insects

Mulching materials - leaves, straws, and other materials spread on the

ground to reduce evaporation of water from the soil
surface
Pruning tools - shears, saws, or knives for removal of parts of & plant
to increase fruit or flower production, or to improve
the form
Retailer ~ a merchant who se?ls goods in small quantities direct to tne
consumer

Sexual propagation - the prodt * ‘on of new plants from seeds

Soil map ~ drawing of a land area showing the types of soils

Soil profile -~ a cross section of the soil

Stock - a supply for sale

Topography -« the surface features of a piece of land

Wholesaler - one who sells stock in large quantities to the retailer
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The Physical Plant

The physical plant of a nursery, includes the land, buildings,
machinery, tools, and expendable materials that are used in the opera-
tion of the business. If you were to make a study of the physical
Plarts of a dozen wholesale nurgeries, you would find that they have a
number of things in common. for example, each is generally located
within a convenient distance of its marketing areas. Each has a similar
arrangement of greenhouses, storage buildings, access roads, and fields.
The buildings may even be similar in appearance because they serve similar
needs. While there may be variations in equipment and supplies to suit
the particular needs of one nursery, to a large extent the tractors, culti-
vators, sprayers, irrigation systems, and so forth, are similar.

The idea of growing nursery stock in containers originated in Cali-
fornia, and is being gradually adopted by nurseries all over the United
States. This new way of growing nursery stock is having an effect on the
physical plants. You may find nurseries in many different stages of incor-
porating this technique into their operations.

This section is concerned with: (1) nursery site selection,

(2) nursery arrangement and layout, (3) facilities, (4) equipment, and

(5) supplies.

Nursery Site Selection

As you study nurseries, you may wonder why they are located where
they are. The person who started the nursery considered a number of
things in choosing a particular site. He had to consider the marketing
area he planned to serve. He had to choose a climatic zone suitable for
nursery stock. The topography has an influence on how well the plants
will grow. The kind of soil and the availability of water are also im-
portant. He also had to compare the relative costs of operating the
business in alternative locations.

A wholesale nursery usually serves an area within about 500 miles of the
nursery. The cost of shipping plant material becomes uneconomical at greater
distances than this. In the Northeastern United States there is a concentra-

tion of nurseries in New Jersey, Eastern Pemnsylvania, and lower New England.

0. a2
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There is another concentration of them in Western Pennsylvania, Western
New York, and Eastern Ohio. These 2 areas of concentration serve large
urbarn areas with radii of 500 miles. Mail order nurseries serve the
entire United States., Some large wholesale nurseries in Western and South-
ern States ship bare-root stock in large quantities to Eastern and Northern
markets. They have the cost advantage of producing certain plants in a short
time because of a longer growing season. This lower production cost permits
competitive pricing with stock produced close to distant markets in spite
of greater shipping cost. A retail nursery or a garden store generally
serves an area within a radius of less than 100 miles.

Young nursery plants‘may be killed in large numbers if grown where the
temperatures drop suddenly in winter or are excessively hot in summer.
Large bodies of water have a moderating influence on the climate, causing
air temperatures to change more slowly within areas from 30 to 50 miles of
the water. For this reason, nurseries in Northeastern U.3. tend to be close
to such large bcdies of water as Lake Erie, Lake Ontario, Delaware Bay,
Long Island Sound, and the Atlantic Ocean. The Plant Yardiness Zone Map,
Figure 10, illustrates the influence of these bodies of water. Plants
which are hardy in Zone 5, are also hardy in Zones 6,7, and 8, but are
winter-killed in Zones 3 and 4. If you wish to examine a more detailed

map, 3ee¢ Reference 33. Plant Hardiness Zone Map.

Nurseries are gemerally located on gently rolling land, or land with a
slight slope, rather than low flat land. While flat land would be ideal
from the standpoint of operating machinery, there are more important con-
siderations. Low, flat land has poor air drainage, and the accumulation of
stagnant, highly humia air favors the development of airborn plant diseases.
Cold air accumulates in such areas in fall and spring, so that early and
late frosts occur more frequently there than on higher ground. Low flat
land may also be subject to flooding. High hills, on tha other hand,
present other problems, they are usually windswept and dry, a poor place
for growing young plants. Gently rolling hills provide a good compromise
in having good air drainage and low wind velocities. Machinery can be
easily operated on them.

Young plants need adequate water, evenly supplied throughout the
growing season. Most areas of Northeastern United States have natural rain-
fall that generally supplies this need cf field-grown stock, so extensive

irrigation systems are not needed. Adequate supplies of good water are

4
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ZONE CODE
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Plant Hardiness Zone Map for Certain Northeastern States *

Figure 10.

Agricultural Research Service, United States Department of
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Figure 11. Annual rainfall distribution in Northeastern States.

needed for propagation greenhouses and coldframes, as well as for
container-grown stock. Hail can cause considerable damage to nurscry
plants. Fortunately, heavy hail usually occurs in very localized areas,
and these areas can be avoiued.

Another factor that goVerns the location of a nursery is the kind
of s0il needed for producing the plants. Plants that are sold bare-root,
(that is, without soil), are grown in sandy soil. Well drained, sandy
soil that contains some organic matter, and that is appropriately
fertilized, will produce rapid growth if rainfall has teen adequate. It
is also much zasier to dig these plants in a sandy soil than in a
heavier goil. Plants that are sold B&B (balled and burlapped) on the
other hand, must be grown in a loam or clay-loam soil so that when the

piants are dug the soil ball will hold together. A broken soil ball

ot
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means damaged roots, and possible death of the plant. Certain nursery
plants can be moved most successfully as B&B or cortainer-grown plants.
Special soil mixtures are used for container-grown stock, and an adequate
scurce of good soil must be available for producing plants in this way.
The only requirement for the surface on which container stock is grown

-~ that it must drain well. Sometimes nurseries have to acquire land

in two or more locations in order to satisfy the soil needs of different
kinds of plants.

The cost of operating a nursery in one location may be more than in
another lcucation. This operatiung cost is usually referred to as ''overhead."
One overhead item is taxes., Nurseries are generally located within 15 to
30 miles from large cities in order to avoid high tax rates. This also
gives them greater fiexibility ir expanding the size of the operation in the
same location if this “ecomes Jesirable. The availability of such utilities
as water, electricity, and fu:. ust also be considered. A locction close
to major highways is also important, because most wholesale nurseries ship
their products by truck. Workers from small towns are g2nerally reliable and
responsible and are likely to stay with a company. These people will also
be likely to work fov slightly less money than workers from other areas. For
this reason, nurseries tend to be located in the vicinity of small towns.
However, at peak periods, nurseries have to hire seasonal workers, and some
way must be arranged to obtain their serviceax.

Another factor that influences the location of a nursery has only
been understood during recent years. Air pollutants from certain kinds of
manufacturing processes have been found to damage plants as much as 50 miles
downwind (prevailing wind) from the industrial Plant. For safe-.y from plant
damage, then, & nursery should not be located on the downwind side of an )

industrial area.

Nursery Arrangement and Layout

Once the site for the nursery has been chosen, the arrangement of

the buildings and growing areas must be planned, Wholesale nurseries vary
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Grading and Packing
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Figure 12, Flow chart of nursery crop production.

frem 70 to 700 or more acres in size. A few cover 2000 acres. The
average wholesale nursery has ahkouc 135 acres and employs 17 people
full time, and about 17 more during peak work load periods.

The buildings and growing areas in a nursery are usually arranged
in a kind of assembly line based on the steps involved from the propa-
gation of the plants to the shipping of them, Figure 12, "Flow chart
of nursery crop production,'" shows the steps that are involved in this
process. If you compare this chart with Figure 13, "A wholesalc

nursery layout," and trace the movement of the plant material from the
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greenhouse or seed bed through the steps to shipping, it may be seen
that t(he parts of 8 nursery are usually arranged to allow a convenient
movement of the plant material. Additional arrangements of functional
areas may be seen on pages 4-6 in Reference 41, '"Site Selection and

Development," Section III, Nursery Management Handbook.

Figure 13 illustrates how the buildings and features of a whole-
sale nursery might be arranged in a layout.

The office is generally close tn the highway for the convenience
of customers and employees, and for efficiency. Often a portion of the
grounds near the office is planted with specimens of the kinds of plan:
grown by the nursery. This enables the nursery personnel to obsexrve .
performance of the plants, and allows customers to examine mature
specimens,

The storage, packing, and handling of the plants are usually dome
in one large building which also has a loading area. The illustration
also chows the container stock area nearby so that a minirmum of handling
is needed for loading container-grown plants.

The propagation greenhouses, seed beds, lathhouse, and coldframes
are generally located close to the storage buildings for convenience.

A "headhouse," or workroom, is ursually connected to the greenhouses.

A river or a pond may be a source of water for irrigation purposes,
although some nurreries buy water from public utilities at commercial
rates.

Although the arrangement of field planting blocks varies considerably
from one nursery to another, many are laid out with 'dirt" or gravel
roads forming the bounuaries for square blocks about 3(0 feet long ~nd
300 feet wide. These blocks are often lined on the prevailing wind side
with deciduous or evergreen trees that serve as windbreaks for the pro-
tection of young plants. Partially healed grafts are very susceptible
to wind breakage. These windbreaks also provide protection from drying
winds that may damage brosadleaved evergreens in winter. These blocks
are often planted with groups of plants that require the same length of
time to reach maturity. F. - - example, one block mighi “anted to
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standard deciduous trees; another to medium height deciduous shrubs;
another to spreading junipers; and another to rhododendrons only. This

is d re so a block can be completely cleared at one time, planted with

a cover crop over winter and replanted the following spring. 1In many
instances a cover crop remains on a field for 1 or 2 full years in order
to get maximum replacement of organic matter. These blocks are usually
arranged in some kind of coded system using number or letter designations
so that plants may be easily and quickly located and identified. Table 8,
page 111, in the unit on field grown stock gives the spacing and years
required by groups of nursery plants whilc growir= in the field.

The sizes of the buildings, structures, and growing areas are deter-
mined by the capacity requirements for the volume of planc material pro-
duced by the nursery. Considerable experience and study are needed to
determine appropriate sizes. Nzedless to say, almost every nursery is
engaged in a coucinuous evaluation of new and better ways to do things.

This study leads to changes in or additions to the physical plant,

Facilities

The facilities in a wholesale nursery include structures for the
prurasation of plants, for growing small plaunts, equipment and supply
storage buildings, plant storage buildings, a grading room, a holding
shelter, a loading dock, and an
office building. As indicated
earlie: , these facilities are
usually arranged in a pattern
that goes with the various steps
the plants go through from pro-
pagation to shipping.

The propar tion facilities in
4 nursery usually include a green-
house, seed beds, and coldframes.

The propagation greerhouse

often consists of several to many

"sashhouses'" as illustrated in
Figure 14. A sashhouse, Figure 14, A sashhouse is made

Q
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up of units of standard 3 feetby 6 feet frames which are glazed with glass.
These frames, or sashes, may be easily lifted for ventilaticn, or removed
completely if desired. Since it is easier to maintain the high humidity
required for propagation in small greenhoises rather than large ones, the
sashhouse is very useful for nursery propagation. Some nurseries use wood
frame or metal frame greenhouses which are about twice the size of a sash-~
house, and contain 2 aisles and 3 benches instea” of only 1 aisle and 2
benches. These propagation houses are equipped with a mist system, as
shown in Figure 43, page 73, which is automatically oper:ted to main-
tain a high relative humidity for cuttings during the rooting period, or
for grafts during the healing period. This mist system also helps keep
the rooting medium moist. The benches are arranged at a convenient working
height and contain about 6 inches of sand, pzat, perlite, or some

other rooting medium. This rooting medium is warmed to .a temperature above
that of the air by means of heat lines under the benches and a skirt along
the edge of the benches to enclose warm air under the bench. This method
of heating is referred to as "bot.om heat." Electric heatin~ cavles are
sometimes installed in the bottom of the benches, as a substitute for

heat | pes for the same purpose. A thermostatic control maintains even
air temperatures within the greenhouse. These greenhouses may also be used
for starting seeds, but seeds of woody plants are usually started into
growth in outdoor seed beds. The greenhouses are attached to a building
called a "headhouse'", which contains the heating plant, equipment, and
supply storage for the greenhouse, and work space,.

Outdo )r seed beds for starting woody plants may be from 3 to 4 feet
in width. Fine seeds may be sown in rows only a few inches apart in these
beds. Figure 15, page 45, illustrates on2 of these seed beus.

Shading is needed for plants raised from seed. Many propagators use
lath frames 4 feet by 6 feet for shading. These frames are placed directly
on the mulched seedbed until germination begins and are then raised on
stakes above the beds. Larger seeds may be sown in rows that are 6 to 8
inches apart, while very large seeds, such as those of walnuts and peaches
may be sown directly in .ie nu sery row at the distance at which the plants

will be grown until they are dug and sold. Because seedling plants have
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Figure 15, Nursery seed bed. Figure 16. One-~year-old seedlings in
seed bed.

shallow root systems that may not get adequate moisture during dry periods,

the outdoor seed ted areas are equipped with irrigation systems so that the

plants may be watered when necessary. Some slow-growing woody plants may

remain in.the seed beds for 2 or 3 years before they are large enough

to be moved into the field or into containers;

After the plants have been
propagated they are usually growr.
in special facilities until they
are large enough to be planted
in the field or in containers
Cold framex, transplant beds,
and lathhouses are used for this
purpose.

Figure 17 =hows a cold
frame used for nursery plants.
After the cuttings have formed
roots, or grafts are well “knitted"

in the greenhouse, the plants arc

planted in small contadi~ers and

Figure 17. A cold frame.

are placed in a cold frame. The
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purpose of the cold frame is to provide winter protection for the small
plants at the end of the first growing season. 1In late fall the cold
frames are covered with sash, and straw may be placed along the outside of
the wall of the frame to keep temperatures from dropping too rapidly and
injuring the plants. 1In very cold weather, straw mats, or other material

is placed over the glass to give added protection. Nursery cold frames
are built about 12 feet wide and about 50 feet long. A double row of
standard cold frame sash is used for covering the cold frawe. A hotbed
simply a cold frame with bottom heat and an appropriate medium for propa-
gation purpores. Hotbeds are difficult to work in, and centrolling the
relative humidity and temperature in them is often nearly =« »‘ssiblej--for
this redson greenhoﬁses h4a re almost entirely replaced them fqr propagation
purposes. A heated frame is one which has some kind of provisibn for heating
the air in the frame; they are used more frequently by greenhouse crop pro-
ducers than by nurserymen.

Outdoor beds, similar to seed beds, are often used for carrying slow
growing or tender plants for a year or two after they have been wintered
in a cold frame. The small [ lants are plantad into the beds at a 6 by 6
or 8 by 8-inch spacing. The beds are usually covered with snow fencing *o
reduce the light intensity, to help maintain a constant temperature, and to
prevent rapid water loss by evaporation. The wouden strips should run north
and south to provide each plant with alterngte gaposure to sun and shade.

" A lathhouse serves the same
purpose as beds covered with snow
ferncing, but in this case the snow~
fe.cing, or wood strips arranged
with the same spacing, is supported
on a framework 7 to 8 feet above
the ground. This makes working with
tha plants more ccnvenient. Beds
about 4 to 6 feet wide are usually
lzid out in the lathhouse, with walk-
ways about 2 feet wide betwea ' them.
The sides of the heds usually con-
sist of &-’nch wooden boards set
Figure 18. Bed for small plants. on edige. Lathhouses, as well as

— beds, are providcd with irrigat<ou
a3
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systems that can be used to assure

that the plants have adequate
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moisture at all times. Woven
plastic fabric is sometimes used
in vlace of the lath. Several
different weaves are available that
~age
A nursery lath-

19,

provide different perce s of
light reduction.
house is shown in Figure
Container nursery stock is
often grown in beds under a frame~
work that ha. no covering during
the spring, summer, and autumn,

Winter protection is provided by

A R

Figure 20, Wintering houses for container nursery stock. (Courtesy
Conard-Pyle Co., West Grove, PA)
sheets of polyethylene film that are placed tightly over the framework

in late fzli. This covering prevents sudden changes in temperature that

wc.ild harm the plants, and also protects them from drying winter winds.
Figure 20 illustrates two kinrds =f structures used fcr this purpose.
Some nurseries have extensive land areas covered in this manner.

o4
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A wholesale nursery requires a number of storag> and service buildings
and facilities,

The single largest building needed is a "Ycommon" cold storage building
for holding bare root nursery stock. This kind of stock is dug in dormant
condition in the fall and is placed in storage directly from the field.
During the winter months it is graded and returned to the cold storage to
await the appropriate time for packing and shipping in the spring. These
buildings ("common'" storage) are usually cooled ''maturally," that is,
by opening them in cold weather in the fall to lower the temperature, and
closinz them on warm days to retain the cold air. They are usually maintained
at temperatures of 35 to 40°F, and are well insulated to prevent fluctu-
ations in temperature. To prevent the stock in them from losing moisture,
a high relative humidi:7 is maintained at all times. Many such storage
buildings include one or several cold storage rooms that are artificially
cooled for holding nursery stock that requires very precise, even tempera-
ture control. Roses, for example arz usually stored in such a room at a
temperat ce of 34°F, and a relative humidity of 95,.to 98 percent, because they
have a very '"shallow" dormancy. Rose plants require only a few weeks of
low temperature, and thereafter they begin to grow very quickly at only
slightly higher temperatures than the storage temperature.

A grading and packing room, with tables for pruning, grading, labeling,
bundling, and packing the plauts is usually connected to, or is part of the
"common'" storage building. Low temperatures and high relative humidity
must be kept in this room in order to keep the plants moist and dormant.

Storage buildings are needed ‘or the heavy equipment used in field
work. Trucks, tracters, sprayers, fork lifts, and special digging
machinery require shelter from the weather., A work area for repair a d
maintenance of this equipment is usually included,

Additional storage is needed for such supplies as fertilizer, scil
amendments, spray materials, buriap, iwine, pots, ctc.

A holding shelter, with a roof similar to that of a lathhouse to
provide a sunshade, and a sprinklin, system to prevent drying of the

plants awaiting shipment is usually constructed at the loading area.

—
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Balled and burlapped stock as
well as container stock may be
held in this area for several .
days, or several weeks if necessary,
to await the ussembly of all the
plant material to fill & particular
order.

The loading area is urually
a large paved area of sufficient
size for the maneuvering of trucks

and handling of boxes of packed

bare-root plant material, as well

as balled and burlapped stock, and
Figure 21 , A holdiag shelter. container stock. Some nurseries
éggggﬁfzg,Pﬁigﬁﬁéﬁgn, NJ) have loading docks so that the materials

may be moved directly into the truck beds without high lifting. Other
nurseries use fork lifts for loading trucks. Some ..rseries have loading
areas that are covered with a roof so that the loading .perations can be
conducted under shelter.

An office area cor building if necessary for housing tke jr..:ntory,
purchase, sales, payroll, and other records, as well as the personnel
and specialized equ .pment for maintaining these records. The nurseryman,
business manager, and other managers also have offices in this area. Space
for 3 or 4 to 18 or 20 people, together with the necessary files and
equipmeunt,may be required in this facility, depending upon the size of the
nursery.

Roads in the vicinity of the buildings are usually paved with asphalt
to reduce the dust nuisance, and are generally made about 25 feet wide so that
trucks and heavy equipment may pass easily. Access roads in the fields

are usually gravel roads, and are generally about 10 to 12 feet wide.

Large Eqv s

Probtably the single most important item of large tquipment in a

nursery is the tractor. A detailed discussion of tractors is given on

e
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Pages 134 to 176 in Reference 14. Farm Power and Machinery

Management. Tractor attachments that are commonly used in nurseries
are; plows, harrows, cultivators, planters, rcot pruners, plant diggers,
Scoops, spreaders, mowers, sprayers, and dusters. Trucks, wagons, and
fork 1ifts are also used. Tillage equipment and its use is explained in

detail in Reference 14. Farm Power and Machinery Management,

pages 28~35. Irrigation systems, both portable and stationary, are also

important.

Tractors of several sizes are
used by wholesale nurseries. The
medium size utility tractor, in
the 30 to 40 hp range, is probably
used more than others. Models
equipped with hydrauiic systems
are usually chosen because of the
specialized power equipment used
in the nursery. Some nu:series
have a medium size crawler-type
tractor especially for digging
plants when the soil is very wet,
be.ause it has better traction
Figure 22. A utility tractor. than one with wheels, and because

there is less soil compaction when
it is used on wet soil. Where the amount of work for it can justify the
cost, special tractors with high clearan-e are used for cultivating and
spraying plantings of stock that are 3 to 6 feet high. Heavy duty tractors
in the 60 to 100 hp range and equipped with power take off are used in
large nurseries for the preparatiocn of large areas for green manure or
cover érops, and in fitting the soill for planting of large areas of aursery
stock. Small tractors in the 15 to 20 hp range are often used for culti=-
vating between the rows of stock and for other jobs in which maneuverability
important and great power is not required. Tractors that are hinged in the
middle (articulated) and equipped with hydraulic systems sometimes ure
used with large tree diggers. 1In small nurseries power tillers are often

used for cultivation.

is



~ 51 -

A two-way moldboard
plowattachment.

Figure 23.

Two types of moldboard Plows
are used in nurseries. The one-way
plow is used on relatively flat
land. The two-way moldboard plow
is equipped with two sets of bottoms,
one that turns the soil to the
right, and another that turns the
soil to the left,. They may be
quickly interchanged at the end of
each pass across a sloping field,
a8 situation in which the soil should
always be turned uphill. Chisel
Plows offer the advantage of mixing
crop residues into the soil rather
than putting them in a layer under
the soil. The disc harrow is

commonly used in nurseries for breaking up the large lumps of soil and the
uneven surface that are left after field has been plowed. Green manure

¢rops, winter cover crops, and rowed nursery stock are usually planted
directly in so0il that has been prepared by discing. Spring tooth harrows

Figure 24. A power tiller.
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and spike tooth harrows are seldom
used in nurseries.

The rotary hoe attachment may
be used in place of the disc harrow
for leveling the soil after plowing.
It is also a very useful tool for
cultivating the soil for weed con-~
trol. Use of the rotary hoe is
explained more fully on pages 38
and 39 in Reference 14, Farm

Power and Machinery Management.

Many different kinds of
sprayers are used in wholesale

nurseries, The spray~boom type is
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often used with a high clearance tractor where tall ehrubs are growing
at too close a spacing to be reached by other means. Orchard gsprayery
are sometimes used in tree plantings where the space between rows will
accommodate them. Large sprayers mounted on sSmall turcks, together

with one to several spray lines with nozzles, may be used for rhe appli-
cation of pest control materials. The calibration of sgpreaders, seeders,

and sprayers is given on pages 42 to 70 in Reference 14, Farm Power
. and Machinery Management,

Fleld application of fertilizer is usually done with the hopper
type of spreader commenly used for field crops. This type of spreader
may also be used for applications of granular herbicides on the soil
surface. Fertilizer solutions are applied in the irrigation water for
container stock. This is done by means of special fertilizer injectors.
The use of these injectors is discussed in detail in Chapter 7 on container
nursery stock, page 158.

Wholesale nurseries often use tractor-drawn planting machines for
plantiag liners in the field. These machines are usually modified celery,
cabbage, or tobacco planters that are used for planting two rows at a
time. One such machine opens a furrow, places the plant at the correct
depth, close8 the furrow, and firms the soil. Two men "feed" plants into
this machine, one man for each row being planted.

) Root pruning of nursery
stock is done to obtain a compact
rcot system, which makes digging,
handling, and planting easier and
more successful. Root pruners
are U-shaped metal straps that
are from 17 to 18 inches wide and
18 to 24 inches high. The edge
to be passed through the soil is
sharp. Jhe root pPruning is domne

by passing this strap directly

under the row of plants while

pulling it through tne soil with

Figure 25. A root pruner for
nursery stock.




a4 tractor. Large and medium size root pruners are available from manu-
facturers, but if small ones are needed, nurseries have to make them
because they are not available on the market.
Digger attachments for tractors range from very simple ones for

small deciduous stock through move complex ones for medium size deciduous
stock. Sophisticated machinery for digging evergreens and trees with a
soill ball is also used. For digging bare-root small stock, a minor modi-

ication of a root pruner serves well. An upward slanting bar is fastened
to the trailing edge of the root pruner. This 1ifts the plants out of

the soil as they are dug. Many similar diggers are equipped with a
shaking device that loosens the soil from the roots as the plants are dug.
Potato diggers, or modifications of them are often used for digging smaller
bare~-root nursery stock. High-clearance tractors with strap type diggers
are used for digging deciduous trees that are to be moved bare-root.
Hydraulically operated cylinders or blades are pressed into the soil «round
evergreens to 1ift the plant out with a so0il ball which is then wrapped with
burlap to give a B&B plant. Other fast techniques for digging B&B stock are
still in the developmental stages, and few of them are in use. Two differ~-
ent machines are available for digging large trees with a s0oil ball. One
has of four large blades that are thrust into the soil at an angle so that
the edges come together under the tree. With the blades held in position,
the tree (together with the so0il
enclosed) 1s lifted out of the ground.
Working on a similar basis another
such machine uses 2 quarter spheres
which are thrust into the soil to
form a hemisphere under the tree.
Although each of these machines is
capable of doing the work of 10
digging crews in one day, they are
very expensive and would have to
have continuous use for long periods

in order to be sound investments.

A number of different models of

Figure 26. A hydraulically powered trench diggers are also being used

B&B digger. for digging large B&B nursery stock.




Tractor-drawn dusters similar to those used for other kinds of
field crops are used by nurserymen, If very large areas are to be treated,
these applications may be made by heliconters or biplanes by eompanies
hired to do this specilalized work.

Fork lifts of various capacities are used in nurseries for loading
and unloading heavy materials. A supply of wooden pallets is needed
for handling materials in this way. Because these fork 1lifts may be used
either outdoors or indoors, they are usually powered eiiher by wet-cell

electric batteries or by propane-fueled engines (which give off no toxic

fuues).

Irrigation of seed bed areas
is usually done by means of perman-~
ently installed systems. These
usually consist of nonzzle lines
which are rotited by hand or by
devices that are powered by
water pressure. Such systems
are usually laid out by irrigation
specialists. Portable irrigation

systems are -metimes used for

certain spec kinds of field
grown stock. rrigation systems
Figure 27, Nozzle line irri- for propaga on greenhouses are

gation for seed beds. discussed i 'he unit on propa-

gation. 1Ir 'gation systems for

container grown stock are dis-
cussad in the unit on container

grown stock.

Small Equipment

Small machines and hand tools
are used extensively in the nursery
business.

Garden tillers are often used

for the preparation of seed beds

and for the cultivation of small
Figure 28. Fork 1lifts are used
in nurserijes, 3011 areas to control weeds.



Steam chests for treating soil may be made of wood or metal. They
are made of appropriate size for the scalz of the operation. Greenhouse
boilers or special portabie boilers may be used for supplying the steam.

Cement mixers, such as those used for mixing mortar for bricklaying,
are very convenient for mixing the growing mediums for propagation beds
and container stock. At least one large nursery has found that a manure
spreader does an excellent job of mixing soil, and is the most economicai
System using readily available equipment. The ease with which it can be
moved from one place to another is another advantage,

Machines that fill containers with the growing medium in an assembly

Figure 29. Special machinery to speed potting. (Courtesy Roger Foundry
and Machine Co., Kingston, Penna.)

line potting operation are sometimes used. A widely accepted, automatic

"potting machine'" has not yet been developed, but a number of sucu

machines have been devised and are in use. Some of the labor-saving

machinery that is often used at steps along the potting line are: power

scoops, soil shredder, cement mixers, steamers, fork lifts, power con-

veyers, skate conveyers, wagons, and trucks.




Figure 30. Hand tools commonlv used in nurseries.

Some of the hand tools commonly used in nurseries are listed below,

together with some notes about their desirable qralities:

Spade - tree digging, metal shank Pitchfork

Spade - shrub digging, metal shank Tree caliper

Spading fork - metal shank Knapsack sprayer

Scoop shovel - metal shank Hand duster (crank type)
Shovel - metal shank Fertilizer injector

Planting bar - metal shank
Lopping shear

Hand pruners

Pole pruner

Garden trowel, welded metal shank
Grafting knife

Budding knife

Pruning knife

Nursery hoe

Rake

g3
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Supplies

Supplies are the materials that are expended in the processes of
producing nursery nlants for sale. It iy important that the need for
these supplies is anticipated several months before they will be used
so that they will have been ordered and are on hand when needed. Supply
items incluae plant material, containers, fertilizer, herbicides, soil
and soil amendments, insecticides and fungicides, burlap and twine,
labels, and shipping supplies.

Many nursery tcees and shrubs are grown from seeds. The seeds
may be purch from firms that specialize in collecting and selling

seeds from rany sources. Most nurseries not only purchase seeds, but

also callect see rom specially selected plants whic: they maintain
for this pur > . tcaderstock for grafted plants may be grown from seed
by the nurs«iy;,  seedling understock for grafting may be purchased.

Cuttings are usually started by a nursery from their own stock
blocks of plants, although some are purchased.

Most wholesale nurseries propagate and grow their own stock to
living out size. Smaller nurseries usually buy liner stock which is
big enough to be set directly in the field or to be planted directly

into containers.

Figure 31. Examples of containers used for nursery stock.
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Small containers for young stock may be clay Pot3, wooden flats or
plastic pots. For container stock, metal, paper. or plastic containers
are used. Purpose, size, durability, Appearance, and price are things
to be considered in the selection of the appropriate container.

For propagation purposes several types of pilanting blocks have been
devised. These are discussed in detail in the Chapter 5, page 77.

Fertilizer must be stored in a dry cool place., The kinds used vary
with the kinds of plants grown and the cultural techniques used., Most
nurseries do not maintain more than one year's supply because fertilizer
is bulky. The kinds used by many nurseries include: ground limestone,
superphosphate, ammonium sulfate, potassium sulfate, long acting
"complete" fertilizer mixtures in severvral analyses, soluble "complete"
fertilizers for applicaiion in water, and smrall quantities of fertilizers
providing individual trace elements, or mixtures of trace elements,
Details on unalyses and formulations and how to apply them are giveu in
the units or field growing and container growing,

Herbicides may be applied in granuiar form or may be mixed with water
and applied in liquid form. These materials during storage may give off
funes that are toxic to plants, so they should be stored in a dry, cool
place where theve are no plants. Herbicides must never be stored in the
same room with other pesticides or fertilizer because herbicide fumes
from the air can be absorbed by them in sufficient amounts to cause injury
when the contaminated material ie applied to crop plants. The formulations
that are used are given in the unit on field growing of nursery stock.

A one year supply is usually kept on hand.

Sufficient soil for Planting container stock in early %pring is
usually held under aover over winter. This is done so it will be available
for use early in the year when the outdoor soil is frozen or too wet to be
moved. Such soil amending materials as Peat, perlite, vermiculite, sawdust,
ground bark, and sand, are also stored under cover for the same purposes.

Insecticides and fungicides are usually stored in a separate, cool,
dry, locked room for safety reasons. Sufficient quantities should be on
hand for the needs of ] year. Some 10 to 15 kinds are usually used in

a4 nursery. The kinds used and the quantities needed vary with the kinds of
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crops being grown and the location of the nursery. New pesticides are
introdu-ed each year, and each year the kinds of pests for which control
is required may vary, so the inventory is constantly changing. When
hew pesticides are put into the storeroom, they should be dated with a
wax crayon. This is to avoid the accumulation of pesticide materials
that have lost their strength. The '"shelf 1ife" of pesticides varies
considerably. Most of those in liquid or emulsified form should be
discarded at the end of 1 year. Insecticides in dust or wettable powder
form should be discarded at the end of 1 to 2 years; fungicides in dust
Or wettable powder form should be discarded at the end of 2 to 4 years.,
At the time of the annual inventory of pesticides, all outdated con-
tainers should be discarded. A1l pesticides should be stored in their
original containers so that the directions for their use do not become

lost. Ali containers, whether bags, cans, or bottles, should be stored

tightly closed.

Burlap, or woven plastic
substitutes, are needed for B&B
stock. Binder twine, or similar
material is used for tying the

Y soil balls. A soft twine is used
for holding the branches close to
the main stem of trees and shrubs
while they are dug and moved.

Plastic or metal tags, often
preprinted with the kind, variety,
and size of the plant, are wept

on hand for labeling the plants,

These tags may also carry a

Figure 32, Plant identification pPlant patent notice. Plastic
tags for patented

plants. ribbons, about 2 inches wide, in

various colors, are often used
for marking plants ir the nursery for a crew that is assembling an order.
Color labels are also used in color coding sizes for ease in assembling

plants in the storage.
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Shipping supplies that must be om hand include shipping boxes, water-
proof packing paper, plastic film, moist shingletoe, moist spliagnum,
twine, stakes (to prevent bending of packages), wrapping pape:-, shipping
labels, glue, and marking pencils. Wooden shipping cases are also needed
for large quautity shipments. Canvas tarpaulins and ropes will be needed

for shipment of large size stock on trucks.
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CHAPTER 4

HOW PLANTS GROW
Objectives

The major goal of this Chapter is to understand how plants

To do this we must study plant structures, processes, and tissues--

what they are, their development, and functions.

Students should know:

1.
2.
3.

4.

5.

Plant tissues and their func :ions

How
How
How
How

How

3.
4,
5.

6.

plants manufacture their food

plants absorb water and minerals

plants use and lose watex

plants develcp new tissues

environmental factors affect plant growth

Key Questions

What is a plant cell? plant tissue?

Give examples sues and their functions.

Explain how steun. fpots grow in length and iu diameter.

Give five parts of a plant and their functions.

How do plants manufacture their food?

Describe how absorption of nutrients takes Place in plants.

What is transpiration?

Why must only well-drained soils be used for nursery production?
Why are light soils preferred for nursery production?

How do temperature, light intemsity, and reiative humidirvy

affect plant growth?

Key Words

Absorption -~ the transfer of liquids and dissolved substances

through cell membranes into the cells of a plant
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Cambium - tissue by which the roots and stems increase in thickmness,

Cell -~ the basic unit of structure in living things

Chlorophyll - the green colored parts of some cells

Corolla - the petals of a flower

Cutting - a part of a plant which will develop new growth to produce
a new plant similar to the plant from which the part was taken.

Dormancy - the non-growing condition in a plant or seed due to
unfavorable temporature, moisture or other conditions

Epidermis -~ the thin surface layer of tissue in plants

Nutrients -~ elements (nitrogen, phosphorous, potassium, etc.) which
are necessary for plant growth and development

Ovule - structure of a flower which contains the egg cell

Petal - one of the parts of a corolla of a flower

Petiole ~ leaf stem or stalk

Phloem - a tissue of slender heavy-walled tubular cells in which
i od is transported downward from the leaves to the stems and
roots.

Photosynthesis - the formation of sugars from water and carbon
dioxide in green plants with the aid of light energy

Pistil - the female part of a flower

Pollen grain - the sperm cell of a flower

Pollen tube - the tube which grows out of a pollen grain when it
lands on the stigma; it grows through cthe stigma and style
to the ovary of a flower

Pollination ~ the transfer of the pollen grain of the stamen to
the stigma of the pistil

Root hairs - slender thin-~walled projections from cells im roots;

these cells are located at the surface of the tip of a root;

they function in absorbiﬁg nutrients and water

(age ]
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Seed stratification - pretreatment of seeds in a moist medium at low
temperature for several months to give rapid germination when sown

Sepal - one of the modified leaves which surround the corolls of a flower

Stamen - the male part of a flower

Stigma - the part of a pistil that receives the pollen in pollination

Stomate (plural-stomata) - minute openings in leaves which permit the
passage of air and water vapor into and out of leaves

Style - the part of a pistil between the stigma and the ovary

Tissues =- groups of cells which look the same and have a common function

Tranepiration - loss of water vapor primarily through the leaves

Vacuole = the central part of a cell containing water, dissolved materials
and other substances

Vascular - refers to structures such as the veins in leaves of plants and
blood vessels in animals. Leaf veins contain both xylem and phloem

Xylem - tissue of large, heavy-walled, long cells through which water
aund minerals are transported from the roots to the stems and leaves of

plants. The wood of a tree is xylem tissue

How Plants Grow

If a nurseryman is to offer good quality plants to his customers,
he must understand how plants grow. By understanding how *hey respond
to their environment, he can make changes in the environment that will
bring about rapid, healthy growth. He needs to know how stems and roots
become longer and how they become thicker. He needs to know how the roots,
stems, and leaves work together in the pProduction and transport of plant

foods. He needs to know how plants make their own food. He needs to know
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how plants get and lose water. He needs to know what minerals are
needed by the plants, and the amounts required.

Lastly, he needs to know what changes he can make in the envircnment

to bring about desirable changes in the growth of nis plants.

How Stems and Roots Become Longer.
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Figure 33 A stem tip Figure 34.

A root tip.

Stems and roots become longer because of two thi.gs - the starting

of new cells and the enlargement of those new cells. cel ., are

microscopic, somewhat cube-shaped units which are the building blocks
irg blocks of all living things. Figures 33 and 34 show how stems and
roots become longer. The dark zone just back from the tip is a dense area

in which each very tiny cell becomes two cells, simply by forming a new

cell wall acrcss the middle. These new cells enlarge to many times their

original size, stem cells pushing the stem tip upward or root cells
pushing the root tip downward. They are inflated by water iust as a

balloon may be inflated with ajir. As you might expe-t, a plant that does

not have sufficient water will have smaller cells than one with adequate
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is why plants that are not artificially watered make short growth in
a "dry" year.
Tissues are groups of cells that look alike under a microscope.
Each such group serves the same function. In figure 35 we see a cross
section of a leaf blade in which some of the important tissues are labeled.
The uppermost rows of cells make up a tissue called the epidermis. It
has a waxy surface layer that protects the more delicate internal tissues.
The palisade tissue (or layer) is next, with lorg cells that contain
green pigments (chlorophyll). The plant manufactures food in this tissue,
Below that is a spongy layer of cells, arranged in a2 loose manner
with open spaces between them. These cells serve as food storage cells
and when these cells are fully filled with water they also serve to make
the leaf firm. Moist air fills the open spaces.
Within the spongy layer are bundles of cells that are referred to
as veins. They contain the water-conducting tubes (long cells calied
xylem) and food conducting tubes (phloem). Water, together with dissolved
minerals, is moved from the roots to the stems and leaves through the

xylem. Food (mostly dissolved sugar) is moved from the leaves to other

culn

vein

;zwggiﬁﬁvae
Syomatal cavity

lower eviderimis

cutin \,
jaam’;_/;'\__’ '

Figure 35, Cross section of a leaf.
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parts of the plant through the phloem. Many of the cells in the veins
have heavy walls which help keep the leaf stiff. TIFf the cells of the
leaf blade become "flabby' because they are not fully inflated with
water, the leaf becomes soft and is wilted.

The lower epidermis is like the upper epidermis except that
Scattered here and there are some special pairs of tanana~shaped cells
which control the opening and closing of microscopic holes in the leaf.
Water and air pass through these holes (called Stomata). The stomata
are open only during daylight hours, and considerable water vapor passes
through then to the outside air. This loss of water through stomata
is called transpiration. Although there is some doubt about how helpful
the water loss is, thke exchange of : is important. Stomatga usually

are closed at night.

How Stems amd Roots Become Larger (in Diameter).

Although we are aware that

= trunks of old trees are larger

in diameter than *runks of e

trees, we ofteun do not realize
that the same is true of branches
of woody plants. Just how do tney

become larger in diameter? The

answer is illustrated in Figure 36.
Under the bark of a tree there

Figure 36. Cross section of a is a cylinder of very small soft

woody stem. cells similar to those at the stem

tip and zoot tip. Each cell in this tissue also divides by laying down a

wall acress its middle, to produce a new cell. The tissue in which this
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occurs is called the cambium. New cells are formed on both sides of the
cambium cylinder. The ones laid down toward the inside become large,
heavy-walled tubes that make up the xylem tissue. Toward the outside of
the cambium cylinder the cells that are produced are smaller, but heavy~
walled. These make up the phloem tissue. When phloem cells die they
become bark. The cambium tissue produces small diameter Xylem tubes in

the fall, is nearly inactive in winter, and produces large diameter xylem
tubes in the spring. The "rings'" we see in a tree Stump are these alternate
layers of small cells and large cells produced each year, Fc. this reason,
the age of a tree may be told by counting the rings on the stump., In a
very dry summer, or with a tree in poor health, the width of the ring for
that year will be narrower than usual. Since nursery trees are sold
according to the diameter of the trunk (caliber), it is important that the

nurseryman provide adequate water and minerals for rapid growth.

Parts of a Plant

The parts of a plant :re called "orpawe N The ovgans rf a piant
as shown in Figuvre 37 are: root, stem, leaf, flower, fruit, and bud. Eack
Serves a different fur-tion .n the plant,

Roots serve .5 anchor tne plant in the soil. Just back of the grow-
ing ~ip on rcots »f most kinds of pPlants, the epidermal. cells send out
long thin-walled nrojec~ions called root hairs (see Figure 38 ). Water,
and the minerals dissolved in the water, pass through these thin walls.
This very weak solution eventually goes into the xylem where it is dis-
tributed all through the plant. Each root hair lives only about 10 days.
Since they are formsd only from young cells, the only way that a root can

Ly—

continue to have a supply of them is by continuing to grow. If the roots
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Figure 37 Parts of a plant.

are not in good health the

growth of the whole plant is slowed.

A peculiar thing about root hairs is

that they die in a few hours if they
are not surrounded by water aud air.
Only a soil with both water and air
spaces, as shown in Figure 39, pro-
vides this condition.

Stems serve to hold the plant
in an upright position and contain
the tubes through which water, min-
erals, and food are transported.

Branches occur at the place
wicie side buds have been formed.
These sgide buds are in leaf axils.
Often, these lateral buds will not
start growing unless the main bud at
the tip oi the shoot is removed.

Nurserymen often remove shoot i.ps

to induce the side (lateral) buds to grow, which prcduces a more compact,

branched plant instead of one with a single stem.

Leaves are the main area in a plant in which food is manufactured.

They occur in many shapes and sizes, but they are all similar on any one

plant.

the petiole.

The stem-like piece that connects the leaf to the plant is called

The broad, flat surface is called the blade of the leaf.

On needle evergreens the blade and petiole look the same.
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Figure 38. Root hairs.

SOIL PARTICLES

AIR SPACE
(Noncapiltary Pores)

WATER HELD AGAINST
GRAVITY (Capillary pore
Spaces.)

Figure 39. Water and air in soil.

ripe fruit has a very offensive odor.

Flowers are the reproductive
parts of plants. Some are very
elaborate, and others are simple.
They serve to produce seeds. Most
woody plants have complete flowers;
that is, both the male and female
parts are found in the same flower.
Others have male flowers and female
flowers (incomplete) on the same
plant; while in others one plant
has only male flowers and another
has only female flowers.> In holly,
for example, the sexes are in separate
plants. Only female holly plants
bear the colorful fruit. !However,
at least one male plant must be
planted in the vicinity of each group
of female plants to provide the pollen
for causing the fruit to develop.

Female Ginkgo trees, on the other

hand, are seldom planted because the

Some nursery plants, such ac holly, are grown especially for their

colorful fruit.

and colorful fruit.

fertilization of the egg in the ovary.

Others, such as crabapples, have both colorful flowers

Fruit results from the pollination of flowers, causing

The resulting fertilized egg, often to-

gether with other closely att-~ched parts, enlarges to become a fruit con-

Q
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taining from one to many seeds.
The seeds may be used for starting
new plants similar but not identi-
cal to the one from which they

came.

How Plants Make Food

Green plants have the ability

to make food. If vou trace the

""food chain" backwards,you will find
Figure 40.Bud removed to give that ultimately all other forms of
branches.
life derive their food from green
Ar*jﬂbﬁ%z plants, Although people often say
PC{@ZJ’ they are '"feeding" plants when they

apply fertilizer, actually they are

orily suprlying the minerals the plant

Female
‘*déhdﬂ”i needs in order to use the food it
manufactures. The green pigment
R pelals
(chlorophyll) has the unique ability
to convert carbon dioxide and water
7]/1]6 into sugar and oxygen (plus a little
Figure 41.Holly flowers. water) in the presence of sunlight.

The water used .n chis fced manufacturing come:s from the roots, while the
carbon dioxide comes from the air that enters the stomata. The sugar is
transported to other parts of the plant where it may be stored as starch
or may be converted into amino acids, proteins, fats, or other substances.
All nursery plants require full sunlight in order to carry on photo~-

synthesis and grow well. Some broadleaved evergreens, such as azaleas
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and rhododendrons, must be protected from full sunlight in winter to
avoid burning of the foliage from the stress of overheating follcwed

by chilling.

Minerals
The fertilizer we apply to plants is used in changing the sugar and
starches to other materials that are stored or that become parts of th2
"building blocks" in the growth of the plant. Table 5 names some of

them and indicates hcw they are used by the plant.

Table 5 Some minerals and how they are used by plants.

Mineral ————————— Subs tance iormed ~> Use

Nitrogen Amino acids Proteins in cells
Phosphorus Proteins Proteins in cells
Potassium None Catalyst

Calcium Calcium pectate Cement between cells
Iron Chlorophyll mclecule Catalyst

Magnesium Chlorophyll molecule Catalyst

A number of additional minerals - sulfur, manganese, boron, molybedenum,

copper, and zinc are also needed, but only in ''trace" amounts.

Controlling Environment

A nurseryman can control the growth of plants for his own purpose
if he understands the things that influence how they grow and can adjust
those things to get the results he wants.

The next several paragraphs give e¢xamples of how a nurseryman controls
the growth of plants by adjusting temperature, light, relative humidity,
mineral levels, controlling pests, and;pruning.

Temperature influences the grOWthfof Plants. Temperatures that are
3 high may be harmful to young plantg of certain species. The nursery-

Eﬂi%g;overcomes this by growing seedtiﬂg@ of rhododendrons and azaleas under

e
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Figure 42. Tne movement of food,
water, and minerals
in plants.

one anothesr.

motes compact,well-proportioned plants.

lath shade. Root growth on cut-
tings is most rapid if the temper-
ature at the base of the cuttings
is higher than the temperature of
the leafy part of the cutting.
Electric heating cables, or other
devices, are used to provide
"bottom heat" in propagation
benches. Certain seeds must be
treated with low temperature (359F)
for several months before exposure
to higher temperatures for growth.
Nurserymen store them moist and
cold to overcome this dormancy by
a method called '"stratification.”
Light is essential for pboto-~
synthesis and growth. Nurserymen
grow most of their plants in full
sunlight for this reason. Nursery-

men also space out the plants in a

planting so that the plants do not shads

This spacing not only allows more rapid growth, but also pro-

The relative humidity and moisture requirements of cuttings while they

are rooting are very exacting.

A cutting can absorb water only very

slowly through the cut stem, so the propagator tries to do everything

he can to conserve the moisture that was in the cutting originally.

ERIC 9
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Cuttings are taken from the stock
plants during early morning when

the moisture content is high. The
cuttings are carried in wet paper

or moist containers. They are quickly
Placed in the propagation medium be-
fore they wilt. A "mist" system,
Figure 43, is used to reduce water

loss by evaporation (transpiratiom)

from the leaves on the cuttings.

Figure 43. A "mist" propagation
system. Balled and burlapped nursery

stock being held for several days before shipping is usually placed in
a shaded location, and is sprinkled over the top several times a day to
compensate for the water lost from the leaves and surface of the burlap
covering the soil ball.

Bare-root stock held over winter in storage bins must be maintained
in a high relative humidity to avoid killing the roots. For the same
reason, these roots must be wrapped in moist shingletow or similar
material when they are packed for shipping.

A nurseryman carefully selects the soil he uses, and improves it
by using green manure cromns in his crep rotation plan. He does this
because s0il moisture and air-holding abilities must be good if healthy
root sys:cems are to be produced.

The mineral levels in the soil are checked every 1l to 2 years by
soll tests. Container-grown stock is usually fertilized lightly with
each watering. If even one mineral required for growth is lacking, the

plant will not grow satisfactorily.
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Insects and diseases can render nursery plants unsalable by
unsightly damage as well as by reducing plant vigor. A nurseryman con-
trols them by applying appropriate chemical materials, by steaming
his soil (if possible), and by being constantly on the watch for disease
and insect pests.

Weeds, because of their rapid gruwth, remove minerals and water
that are needed by the nursery plants. <lhey may also provide a "home"
for unwanted insects and diseases. Excessive weed growth may also
shade small plants in the field. Cultivation and the use of weed
controlling chemicals (herbicides) give an environment more favorable
for nursery plants.

Nurserymen often prune their plants in order to give the plant a
more desirable shape. They also prune the roots of field grown plants,
for a different reason. TFigures 44 and 45 show that this induces a more
compact root system which results in less root loss when the plant is

finally dug and sold. Because a nursery plant that has been properly

cut of ot

Sde

soil line
——

Figure 44. Shrub before root Figure 45, Root branching after
pruning. root pruning.
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root pruned is much more likely to grow well after being planted, the

nurseryman can sell them with confidence that the cus tomer will be
Pleased with them.
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2.
3.
4.

2.
3.
4,
5.
6.

8.
9.
10.

CHAPTER 5
PROPAGATION OF NURSERY STOCK

Learning Objectives

To select and operate the specialized equipment used in pPropagating
nursery stock.

To propagate nursery stock by cuttings, grafting and budding.

To propagate nursery stock from seeds.

To care for young plants,

Key Questions

What facilities and equipment are needed to produce nursery s8tock
from cuttings?

Why are some plants Propagated asexually?

How does budding differ from grafting?

What is the difference between hardwood and softwood cutting?

How does the time of year that a cutting is taken affect rooting?

What other environmental factors regulate the propagation of cuttings?
How do growth Promoting substances affect rooting?

What factors should be considered when collecting seeds?

What is meant by "stratification" of seeds?

What special care is needed for rooted cuttings and seedlings?

Key Words

Budding - the vegetative reproduction of plants by placing a leaf bud
of the desired plant on the root stock of another plant in
such a way that the two unite and grow

Cultivar - plants that are true to type from seed or vegetative pro-

pagation; a variety

Cuttings - a vegetative portion removed (cut from the plant) for

propagation

83

- 77 -



4, Division - the proceus of cutting a clump type of plant into sections
5. Graft -~ vegetative propagation by which a stem portion of one plant,
having 2 or more vegetative buds, is joined with the .oots
of another plant to form one new plant
6. Layer - a layered stem
7. Layering - the development of roots on a stem placed partially under-
ground while still attached to the parent plant
8. Node - the position on the stem where leaves and buds are located
9. Scion - the upper piece of a grafted cr budded plant (it forms the
above ground part of the plant)
10. Seed - an embryo or baby plantlet in a dormant condition and only
requiring the right conditions to stimulate it into growth
and development
11. Understock - the lower piece of a grafted plant (it forms the under-
ground part of the plant)

vopagation of Nursery Stock

The primary function of a wholesale nursery is to start small plants
and grow them to marketable sizes. Many nurseries simply purchase seed=-
lings, liners, and grafts from propagation specialists. Other nurseries
may do their own propagating to produce the small plante that they require.
A few specialized wholesale nurseries propagate plants as their only ac-
tivity. In any case, a person interested in the nursery business should
know how nursery plants are propagated. Many people find plant propa-
gation a fascinating activity.

There are two basic ways that plants can be propagated. If the plants
are started from seeds, the method is referred to as sexual propagation.

If a part of a plant other than a seed is used to produce & new plant, it
is called vegetative propagation.

This chapter wil) cover the specialized propagation equipment used,
vegetative propagation, sexual propagation, Propagation methods for speci-
fic plants, and the care of young plants after growth has started and
until they are large enough to go into the field or containers in which
they are sold.



Specialized Faclilities and Equipment

The propagation of nursery plants from seeds, cuttings, grafts, or other
means, may be done in enclosed spaces such as greenhouses or coldframes,
or it may be don: in outdoor beds. In certain special cases it may be
done directly in the field. The young plants, depending upon their re~
quirements, may hbe grown in open bads, shaded beds, lathhouses, or lined
out in the field.

Filgure 46. A propagation greenhouse at a nursery. Note the
cloth skirt to enclose heated air under the benches,

Propagation greenhouses are discussed in detail on page 43. These
greenhouses must be shaded in summer by the use of shading compound
applied to the glass, or netting, or lath shade over the outside. These
greenhouses are small so that a high relative humidity can be maintained
in them. The heating system must be capable of holding any tempera~-
ture from 40° to 70°F within a Plus or minus variation of 1°F. A
circulating hot water system is ordinarily used to meet these require~

ments. The benches are usually 4 to 6 inches deep. The propaga-
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tion medium may be medium grade sand, peat, expanded pumice, expanded -
or mixtures of these. Pressed peat containers filled with an appropri.
medium are often used because the started plants can be transplant=<d w-
the container. Pressed peat blocks may be used in the .ame way fc» cut
tings or seedlings. For more details read pages 28-33 .n Referenc: 36.
The temperature of the propagation medium is maintained about 10°F abov .
the nighttime air temperature in the greenhouse by means of thermos=:atical
controlled plastic-covered electric heating cables. An alternate method
for heating the medium is to enclcse the space under the benches with -~
cloth skirt to retain warm air from the heat pipes. Each bench is usually
equipped with an overhead water pipe on which special misting nozzles are

mounted at 3-foot intervals. The water in these lines is turned on at

Figure 47, Upper timers -~ 24 hours; Figure 48, Mist in operation
lower timers, 30-second or longer over holly cuttings.
intervals every 30 minutes.

intervals to maintain a high relative humidity and to keep the rooting me-~
dium moist. The frequency of operation may be regulated by a time clock,
usually set to turn it on for 4 seconds in every 4 minutes. The amount of
water applied must be carefully adjusted to avoid excess leaching of the
propagation medium.

Coldframes as described on page 45 are sometimes used in late sprir

or early summer for propagation purposes. When used for this purpose,
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they are equipped with mist pPropagation equipment in the same manner asg
4 propagation greenhouse. Coldframes are often covered with lath or
other shade material to prevent high temperatures and rapid evaporation.
These frames may also be used for wintering young plants.

A workroom, usually called a "headhouse!' provides workbench Space
and storage for equipment and supplies. Some of the special equipment
and supplies needed for propagation include: grafting knives, budding
knives, pruning shears, seed cleaning screens, buckets, rubber or
Plastic ties for grafting, small pots, fertilizer, growth-inducing sub-
staunces, growing medium ingredients, flats, soil S teamer, pesticides,

and labels.

Propagation by Vegetative Means

Vegetative propagation is the process of growing a new plant by
using parts of an established Plant, such as roots, stems, or leaves. These
parts are induced to develop roots and shoots which grow into a new
plant. This propagation is asexual in that it does not involve the
possibility of a change in the genetic make-up from that of the original
plant. Vegetative propagation is accomplished by cuttings, grafting,
budding, layering, and division.

Cuttings

Cuttings are portions of stems, leaves, or roots cut from mature
Plants. They are placed in a moist, warm rooting medium in a greenhouse orin a
coldframe with a high relative humidity and slightly reduced light inten-
sity. Roots usually form on the cuttings in 4 to 8 weeks. Propagation
by cuttings has several advantages over growing plants from seeds. The
rooted cutting is always a plant with chaéactETistics that match those
of the stock plant from which the cutting was taken. This is particularly
important in maintaining the true type of a named and patented cultivar,
Another advantage is that many plants will produce a large plant faster
from a cutting than from seeds; yew is a good example. Cutting propaga-
tion may be the only practical way to produce plants having the desired

sex, as in Holly (females needed) or Ginkgo (females undesirable).
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If automatic controls are used for the maintenance of moisture and tem-
perature, very little labor i5 required from the time the cuttings have
been placed in the propagation medium and until they are removed from
it after roots have formed.

The propagation medium must be one that is loose enough to main-
tain adequate amounts of air for growth of new roots; but at the same
time it must have a high moisture holding capacity so that the new
tissues are never deficient in water. If it is poorly drained, the
cuttings may rot. The pH must be in the 6.0 to 6.5 range. Nutrients
are of little value to the plants until after roots have formed. De-
pending upon the plant being propagated, the availability of materials,
the management practices being followed, and the requirements of the

plants involved, the following mediums are often used:

a. medium grade sand d. expanded mica and peat
b. peat e. expanded pumice and peat
c. m. g. sand peat f. expanded mica, pumice and peat

Cuttings of some ornamental plants do not form roots readily. Root
inducing compounds are available and are used to speéd rooting, increase
the nimmber and size of roots, and to insure a higher percentage of
rooted cuttings. These comp dunds will not induce roots to form on
cuttings that would not otherwise eventually form roots. Neither can
the use of them take the place of good cultural practices. These com-
pounds often include as the active ingredient(s) indolebutyric acid
(IBA) and/or naphthaleneacetic acid (NAA). They are often used in a
mixture. The three methods of appiication are the powder method, the
quic’k dip method, and the scaking method.

In the powder method, the basal ends of the cuttings are dipped
into the powder (the carrier is talc), and the excess powder is knocked
off by tapping the cuttings with the finger. The material must not be
deposited in the leaf axils, or shoots will fail to develop at all.

In the quick dip method, the same technique is followed, but a concen-
treted solution of the root-inducing material is used instead of the powde:
The soaking method is used for hardwood cuttings with a slow pene-
tration rate. In this method, bundles of the cuttings are placed upright

in shallow containers of dilute solutions of root-inducing materials for
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periods up to 24 hours.
Immediately after treatment with root-inducing materials, the
cuttings are inserted (stuck) into the propagation madium. More
details about the use of these materials are found on pages 305 to
310 in Reference 35,
Softwood cuttings generally root quicker and more easily than
other kinds of cuttings. Softwood cul:tings are taken from terminal parts
of the stems while the plants are in active growth in late spring or
early summer. The appropriate stage of development is when the shoots
are just stiff enough so f:hat the pieces can be readily snapped off with
the fingers. Early morning is the ideal time t~ take the cuttings be-
cause they are fil :d wif:h water at that time and air temperatures are
low enough to delay wilting. Terminal parts of the stem are used. The
leaves are not trimmed or removed at that time. The cuttings must be
kept cool and moist. Clean plastic bags or clean, moist burlap may be
used to store the cuttings tempoxrarily. A cool, shaded pPlace should be
used during preparaticn cf the cuttings for sticking. The cuttings are
made from 3 to 5 inches in length, as shown in Figure 49. A sharp,
thin-bladed knife should be used to make a basal cut about % inch below
a node. Leaves are removed from
T the basal 1/3 of the cutting be-
cause this portion will be inser-
ted into the medium, and buried
leaves rot easily. Softwood c.¢-

tings may be treated with low con-

centrations of root-inducing ma-

terials to promote faster rooting.

leaves remove In many cases, softwood cuttings

ﬁbnlbgse form rcots readily without the use
of cutting
of these materials.
Greenwood cuttings are t:aken

cutting ready for rooting when the stems are no longer elon-

Figure 49. Softwood cuttings are gating rapidly. In this case the
3~5 inches long; lower leaves are

removed cuttings must be cut rather than

broken from the plants. The leaves




are fully expanded and firm, and the stems are hard. Greenwood cuttings
are usually made in midsummer. They are handled in the same manner as
Ssoftwood cuttings. The use of rooting compounds speeds rooting of these
cuttings.

Hardwood cuttings are taken in late fall and winter from plants _ that
have stopped growing and have formed woody, hard stems. Hardwood cuttings
of deciduous plants are
made after the leaves
have dropped in the
fall until early
February. Hardwood
cuttings taken after early
February are likely to de-
velop top growth more ra-
pidly that root growth, re-
sulting in such a severe
moisture stress that a very

high percentage of rooted

cuttings are likely to die

after transplanting from Figure 50, Cuttings of rhododendron being
stuck in peat and expanded mica mixture in
pressed peat pots. (Courtesy Conard-~Pyle
cutting material should be Co., West Grove,penna.)

the propagation bench. The

selected from vigorous, healthy
plants that are growing in full
suniight. The cuttings should
include only wood from the past
season's growth. Most nurseries
maintain stock blocks of plants
set aside for propagation pur-
poses, although cuttings are
sometimes taken from field or
countainer plants if the time for

taking cuttings happens to coin-

cide with the time for shaping
Figure 51l . Cuttings of Wiltoni juni-

per are taken in late fall or early
winter., (Courtesy )Conard-Pyle Co., Hardwood cuttings of some
West Grove, Penna. P
o ’ Ea{)
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easily-rocted deciduous trees and shrubs, such as forsythia may be stored
in bundles in moist sand or peat over winter at 30 to 35°F. During this
storage the cut ends heal (form "callus"). 1In early spring they are lined
out in the field (top end up!) or planted in beds or in containers. With
adequate moisture they will form roots and then new shoots in the field.

Hardwood cuttings of such narrowleaved evergreens as yew, arborvitae,
and juniper are taken late in the fall or carly winter after the plants
have 1 :en exposed to freezing weather. Leaves are removed from the basal
portion of evergreen hardwood cuttings, just as they are for softwood and
greenwond cuttings.

The procedure of placing cuttings into the propagation medium is
referred to as '"sticking." Using a wooden guide, so rows will be straight,
a dull knife is used to make parallel slits in the medium about 2 to 3
inches apart across the bench. These slits are made about 3 inches deep.
The cuttings are then inserted about 2 to 3 inches deep and from 1 to 3
inches apart in the slits. Roots will form only on the basal ends of
the cuttings, so they must be stuck top end up! “he medium is then
firmed around them. A label with the name of the plant and the propa-
gation date is inserted at the beginning of the first row of cuttings of
each kind of plant. The cuttings in the bench are 'read" ffom left to
right and from front to back in the bench. The cuttings are usually
thoroughly watered once by hand; thereafter, the misting system usually
automatically takes care of the moisture requirements.

Some kinds of herbaceous perennials, such as garden phlox and
oriental poppy, as well as a few WOody'plants‘are propagated from pieces
of root about 2 inches long. These pieces are placed horizontally,
about % inch deep in the propagation medium. These are called root cuﬁ-
tings. Under appropriate conditions, new shoots and réots form on them
in a few weeks. Details on this method of pPropagation are given on

pages 229, 230, and 302 in Reference 35, Plant Propagation Principles

and Practices.

Grafting
Grafting requires the services of people highly skilled in this

technique. It is the most expensive method of producing nursery plants.

31
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1t is used in special cases in which the plant will not come true
from seed and also will not readily form roots from cuttiags.,

Grafting involves fastening pieces of 2 plants together s8¢ that
they form a new plant. The desired cultivar forms the above~ground por-
tion of the plant; while the below=-ground portion of another plant forms
the root system. ''Koster' Colorado T lue Spruce, for example, will not
come true from seeds and cannot be propagated from cuttings. It is
grafted onto 2-year seedlings of Norway spruce. With appropriate hand=-
ling, the two plant parts grow together to form a new plant that will
grow to old age with a "Koster' Colorado Blue Spruce top and a Norway
Spruce root system. The top part of a grafted plant is called the
scion (or sometimes cion), while the bottom portion is called the under-
stock (or sometimes stock). In grafting some kinds of plants, the under-
stock m&y consist of a large piece of root, with no stem portion attached.
Records of Chinese horticulture show that this technique was used as long
ago as 2000 B.C. Grafting can only be done successfully with closely re-
lated plants; for example, flowering crabapples are grafted onto seedling
apple rootstocks.

Grafting is usually done only with dormant plant material because
molsture stress is low in that condition.

In grafting it is essential that the vascular tissues (phloem,
cambium, xylem) of the cut pieces exactly match in a close smooth fit.
The union takes place when new tissue (callus) develops and grows to-
gether to form new xylem, cambium, and phloem that is continuous through
both parts of the plant. If the fit is poor, the union will be weak,
grow poorly, and be very susceptible to breakage. After the pieces have
been fitted together, they are tied with rubber strips or held together
with grafting tape. The plant parts must be kept moist until after the
new tissues have formed. This is done by keeping the grafts in a high
relative humidity, under mist or in a propagation case, for several weeks.
In the case of dormant deciduous grafts with bare-root understock, the
completed grafts may be placed in moist material in cold storage. The
union forms during storage and the grafts are lined out in the field in
rarly spring in the same manner as some deciduous hardwood cuttingse.
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If the grafting is done outdoors, the cut surfacea are painted with graft-
ing wax to keep them from drying until new tissues have formed. Grafting
that is done outdoors is called 'field grafting,'" while grafting that is
done with potted or bare-root understock is called "bench grafting' be-
cause it is done at a work bench or table indoors.

A sharp knife is an essential tool in doing grafting. All cuts must
be clean and smooth. A sharp knife is safer than a dull on= because it
is less likely to slip on the material being cut.

A number of types of grafts are commonly used by nurserymen. Among
them are the whip (or tongue), splice, and side-veneer grafts. T~budding,
which will be described later, is
a gpecial kind of grafting.

The whip graft is usually used
for grafting apples, crabapples, and
lilacs onto seedling understock or
root pieces used as understock. The
scion piece is prepared by making a
long, slanting cut on the basal end.
A vertical upward cut about % inch
long is then made, starting about

1/3 of the distance from the pointed

end of the slanting surface. -The
top ¢nd of the understock (which was
Figure 52. Whip graft surfaces Planted in pots 2 weeks earlier) is
must fit smoothly and tightly. prepared in the same way. The two
pieces are then fitted together as shown in Figure 52. The fitted pieces
are then tied with a rubber strip or wrapped firmly with grafting tape to
hold them in place. The potted grafts are then placed under intermittent
mist for several weeks. In the case of root grafts, they are usually
wrapped in moist sphagnum moss and overwrapped with polyethylene film to
keep them moist, and they are placed in 40°F storage until early spring
when they are lined out in the field.

Splice grafting is the same as whip grafting except that the verti-
cal cuts are omitted and the slanting surfaces are simply placed to-

gether, with the cambium tissues coinciding, and they are tied or wrapped

g3




in the same manner as a whip graft. The splice graft is used for plants
having stems that are too inflexible for whip grafting.

A side-veneer graft is commoaly used for the propagation of culti=-
vars of juniper, spruce, pine, cryptomeria, and rhododendron. As illus-
trated in Figure 53, a long, inward slanting cut is made in the side
of the stem of the understock (a potted, 1 to 2-year old seedling).

The loose bark piece is then removed with a second, short, downward cut

at the bottom of the first cut. The stem of the scion piece is then cut

‘)‘ -~
v
o S ’
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Figure 53. Side-veneer graft Figure 54. Side-veneer graft of
of 'Lobbi' cryptomeria on Crypto=- 'Lobbi' cryptomeria, top growth of
meria japonica understock. understock removed.

to fit exactly the prepared understock section. The two are placed
firmly together and tied or taped. These potted grafts are then placed
under intermittent mist for about 4 weeks. At the end of that time the
callus tissue has formed,and the production of new vascular connections
is underway. The top part of the understock, which was left in place
during the healing period, is then removed,either all at once or in

stages. This stimulates growth of the scion.

T~-Budding
T-budding is a special form of grafting in which a single vegetative

(leaf-rather than flower-producing) bud, together with a small piece of
bark, is inserted under the bark of young understock plants. T-budding

is more rapidly done than other forms of grafting; it gives a strong
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union, rapid growth, and the percentage of ''take' is often higher. It
can only be done while the cambium is very active and the bark '"'slips"
easily. T-budding is used for the commercial production of garden roses,
many kinds of fruit trees, nut trees, and patented shade tree cultivars.
A special grafting knife, called a '"budding'" knife is used for this
work. This knife is unusual in having a special projection for 1lifting

flaps of bark on the side of the understock stem while the bud piece is
being inserted.

Figure 55, Top, budding knife; Figure 56. T-budding; shield-shaped

bottom, grafting knife. scion piece with bud is inserted
under flaps of T cut bark of under-
stock.

The understocks for budding are commonly seedlings closely related

to the scion species. Rooted cuttings are also often used as understock
in budding. The understock has been grown in the field for 1 or 2

years prior to budding. Budding is usuélly performed in the field.
Fruit tree budding is usually done in early spring or late summer; shade
trees are usually budded in late summer; garden roses are usually budded

in July and August in the Northeastern States.
T-budding involves making a T-shaped cut in the bark of the under-

|
%

stock near the so0oil line. This cut is made on the north side of the

4

plant to prevent the sun from drying the tissues. A vegetative bud of

the scion is removed from a '"budding stick' by cutting off a shield-
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shaped piece of bark surrounding the bud. These budding sticks are
vigorous branches from the selected cultivar. The leaves have been cut
from these stems to leave a petiole stub at each node. These budding
sticks are usually carried in clean, moist burlap to keep them in fresh
condition. Each bud must be carefully cut from the stick just prior to
insertion. It is handled by the petiole stub to avoid contamination of
the cut surfaces. The flaps of the T cut are lifted with the special
projection on the knife, and the bark piece with the bud is carefully
inserted to make a tight fit. The final position of the parts are indi~
cated in Figure 56. A rubber strip is then wrapped snugly around the
stem to hold the bark of the understock in close contact with the bud
piece. The buds require 2 to 3 weeks to "t ke." At that time they
should show signs of enlarging. A bud that has not enlarged and has
blackened is dead. The foliage growth of the understock is usually
allowed to remain on the plant through the rest of the growing season

in which the budding was done. This top is pruned off early the following
spring, the cut being made just above the bud that was inserted the pre-

vious summer. The budded plants are usually grown for two more seasons

PO

before they are ready to be sold.
In the production of garden roses in California and Texas, the under-

stock shoots are removed when the bud has ''taken," and the season is long
enough for considerable scion growth in the same season. These plants are

usually dug and marketed at the end of the following season.

Layvering
Two types of layeriag ~-simple

layering, and mound layering -« are

used for the commercial production

N o DT T e L e ag® D T A R R gt ey i e e

of certain plants.
Simple layering 1s used for
certain rhododendron and

magnolia cultivars that

ST

cannot be commercially reproduced

by any other method. Simple layer-

ing consists of beanding & branch

of the parent plant into a U shape,
Figure 57. In simple layering the ,
Stem is notched and bent under the . with the bottom of the U held under

soil surface.
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the soil surface by means of a metal or wooden hook. To stimulate root
formation, a notch or cut is usually made about 1/3 of the distance

through the stem at the lowest point. A root-promoting substance applied
to this cut surface usually speeds root formation. The soil must be kept
evenly moist while rooting takes place. The new plant may be severed from
the parent plant the season after layering and moved io a nursery row for
further growth to saleable size. The number of new plants that -an be
produced by this method is limited to the number of branches in the parent
plant that can be placed in the appropriate position. This is a costly way
to produce a limited quantity of new plants, but in certain instances it is
the only way that new -;lants of certain cultivars can be obtained.

Mound (or stool) layering consists of cutting an established parent
Plant to the ground during the dormant season and mounding soil around the
base of the new shoots as they develop from the stubs in spriang. The soil
cover causes etiolation (bleaching
of the chlorophyl) in the base of
these shoots, which encourages the
formation of roots near the base
of the shoots. These rooted shoots
are removed from the parent plant
the following spring, and lined out
in the nursery field for growing to
macketable size. This technique
is used for the propagation of cer=-
tain apple clones, dwarfing under-

stock for apples, Mazzard cherry

understock, and several bush

Figure 58, Propagation by mound
layering.

Division

Division is used commercially for the propagation of plants that have
a clump (or crown) growth habit. Aithough some woody plants have this
habit, this method is used almost exclusively for certain herbaceous per-

enniale. Peony and Shasta daisy are divided in the fall; daylily and gar-

fruits.

dent phlox in spring or fall; iris and oriental Poppy in midsummer after

.uwering.
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The technique of dividing a plant consists simply of lifting the
clump with a spading fork (to save as many roots as possible), placing
the clump on its side, and cutting the clump vertically into smaller
pieces with a sharp spade. Each section has top growth and roots, and
ig replanted in the nursery to grow to saleable size. (Clumps of some
kinds of plants, such as those of oriental poppy, after being lifted,

are easily separated into smaller sections by hand.

Seed Propagation

Propagation by seed is nature's most common method of reproducing
plants. Seed propagation is used commercially for many woody plants

that produce seedlings that are nearly identical with the parent plant.

Seed Sources

Seed for the propagation of nursery plants may be pufchased from
wholesale seed dealers, or they may be collected. Probably most nursery
propagators obtain seeds from both sources.

Some nurseries maintain plantings of selected trees and shrubs which
they use as seed sources because of the superior seedlings which they pro-
duce. 'Sometimes they obtain permission to collect seeds from appropriate

specimens on private or publicly owned land.

Collected Seed

If seed is to be collected locally, the time of collection is impor-
tant. The ripening seed must be observed every few days near the end of
.the ripening period. It should be collected whén fully ripe, but before
it falls, Often there are only a few days between these two events. The
seeds of certain species within the rose family germinate at once if
collected before they are fully ripe, and if they are sown at once. This
is an unusual case because fully ripened- seeds of the same species require months
of cold, moist conditions (stratification) before they will germinate,

It is>importaﬁt that the seed be properly labeled at the site of collection
to avoid the risk of losing the identity of a particular lot of seed.
The site and date are often recorded along with the complete technical

name of the plant. A propagator often keeps a log .ook of seed collections

et el
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so that he can trace ¢he source of
particularly good or poor lots
of seedlings,

Dry types of seeds are us-
ually cleaned by sifting them
through screens of appropriate
weaves to retain or pass the
seeds while removing chaff and
unwanted material.

Pulpy fruits are often
allowed to ferment in water for
several days or weeks to loosen

the pulp, which is then removed

by rubbing the fruits through

Figure 59, Nurseries often col- screens of appropriate weave to

lect, clean, and store their own .
seed. Ginkgo seeds at the top: hold back the seeds. This can
barberry seeds, lower left. be an unpleasant task with certain

kinds that develop very obnoxious
odors,

After the seed is thoroughly air dried, most kinds are Placed in air-
tight labeled containers (usually glass jars) and stored in the dark at a
temperature between 35° and 40°F. Properly stored seed often keeps its
viability for several to many years. Seeds of some plants, red maple
for example, will germinate as soon as they are ripe, and are Produced
early enough in the season so sturdy seedlings can develop from them
before fall, Ripe seeds of others, such as rose, Pin oak, and white pine
require 3 to 6 months of stratification before they are sown. Failure to
satisfy this requirement is likely to result in no germination at all,

It is very difficult to guess what the storage and germination reqﬁirements
may be for seeds of a particular plant, because the seeds of even very
closely related plants may have very different requirements. Hard seed
coats of some kinds must be chipped or sanded before they can absorb the

water needed for germination. This operation is called "scarification."

~J
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Fortunately, these requirements for mest kinds of plants commonly
grown from seed are given on pages 561 through 685 in Reference 35,

Plant Propagation Principles and Practices. You may wish tco use this

reference before propagating some woody plants fram seed.

Seed Propagation in the Greenhouse

Fine seeds, such as those of rhododendron, azalea, and mountain
laurel are usually germinated under greenhouse conditions because of their
precise moisture and light requirements, These three also require an
acid soil for growth,

A steamed soil miwture, usually a 2~1-1 by volume mixture of peat,
sand, and loam soil, is used in flats or shallow pots. The surface is
smoothed. The seeds are either broadcast over the surface or planted in
shallow grooves made in the surface of the medium. Sphagnum moss is then
applied evenly over the seeds by rubbing it through a fine screen. It
is put on just deepiy enough to cover the seeds. The containers are then
labeled andléiéced in a greenhouse. Because the seeds are so fine that
they may be easily moved out of place when watered overhead, the con-
tainers are usually watered by immersing them in water at a depth such
that tne water surface is about % inch below the level of the soil sur-
face in the container. The time intervals for watering them are im-
portant ~ if the germiﬁating seeds dry too much even once, it is fatal.

On the other hand, if they are kept too wet, the tiny roots will die

from lack of oxygen. Aftexr the seeds have germinated, which usuaily

| ' takes several weeks, the containers
are kept in a humid, shaded green-
house. These seedlings grow slowly
and are transplanted at a wider
spacing in flats after several
months. They may be placed in

shaded coldframes, where they are
wintered before being planted in beds.

Medium size seeds of some kinds
of plants are also handled under
greenhouse ecwnditions if they have
requirements for germination that

are difficult to fulfill under

Figure 60. Medium size seeds are
O sometimes started in greenhouses. ; outdoor conditions.

ERIC o
100

%



- 95 -

Seed Propagation Qutdoors

A well-drained, fertile, medium-textured loam Soil is preferred for

propagating seeds. The pH of the soil will depend upon the species of

seed sown. Generally, a pH of 6.0 to 6.5 is satisfactory for most nur-

sery plants.

One and one-half years are needed to pPrepare an adequate seed bed

for sowing seed. The preparation procedures are as follows:
1.
2.

In the fall, plow, disc, and plant a cover crop of ryegrass.
The following spring, plow, disc, and Plant a green manure
crop of soybeans.

The following fall, plow, disc, and plant a cover crop of
ryegrass.,

The following spring, plow, disc, and prepare for sowing seed.
Enough time should be allowed for the cover crop to decompose
before sowing seed. For a shorter preparation period or for
fall sowing, adjustments can be made in the above procedures
by starting with stages, 2, 3, or 4.

Large seeds, such as those of
peaches, apricots, and walnuts, are
commonly planted 12 inches apart in
rows spaced 3 to 4 feet apart in
the field. They are planted by hand.

Medium size seeds of some plants,
Rosa rugosa for example, may be sown
in rows. However, medium and small
sized seeds are usually sown in long

seed beds. These beds are about
4 feet wide with aisles of 2 feet
between them. The seed beds are

raised 6 inches above the aisle to

Figure 6l1. A sudex green manure crop facilitate drainage, which aids in
will be plowed under before nursery »
seeds are sown in beds in fall. - preventing loss by damping-off, a

fungus disease.
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The seed bed =hould be treated wi

disease organisms, and weed s

and mus t be applie
in edi

insects .,
extremely dangerxrous

Seeds are generally planted
they showld be tested for ge
The test

are S oOwWrilL,
de termines the seeding rate.

number per poumnd, and PrPercent

sermination.
The rate of sowing Jdepends
uporn the number of plants de-—

the size of the seced and
B

sired,
the guality of the seed.
FfFormula given on page 178 4in

Plant Propasa —

Reference 35.
tion Principles and Practices a
msed to determine the

can be
amount of seeds reqguired.
Seeds are often sown by

hand . Trf large guantities are

involved, and a seed sowing ma-—

chine is used, it should be

Figure 63. Seeds of Riigosa Rose being
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carefully calibrated. This may be done by Placing a quantity of seed in
the seeder and passing the machine over a measured area of clean floor.
The seed is then swept up and weighed. From the weight of the seed
distributed over the measured area, one may calculate the rate of appli-
cation the machine has delivered. If this rate is higher, or lower,

than the desired rate, the machine should be adjusted, and the delivery
rate determined by the above method. Several such "¢rialand error" tests

and adjustments may have to be made before the machine has been ad justed

to give the desired delivery rate.

Figure 64, Field~sown seed is often Figure 65. Water-powered mechanism
covered with sand rather than soil. for rotating an overhead irriga-
tion line,

After the seed has been sown, it is lightly covered with soil or
sand. The seed beds must be kept moist from the time the seed is sown
through the time that germination takes place and until the seedling plants
have developed roots several inches long. Rainfall may have to be supple-
mented with sprinkler irrigation to fulfill this requirement. Seeds sown
in the fall may be attractive to rodents and birds, and control measures
may have to be used to prevent losses. Lath shade is required for seed-
lings of most narrowleaved and broadleaved evergreens and a few deciduous
woody plants. Although this shade can be removed from most of tham once

the seedlings are well established, most broadieaved evergreens require
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shade for the entire first growing season (and possibly second).

Propagation Methods for Specific Plants

The appropriate propagation method varies considerably with the
particular plant involved. Sometimes more than one method is successful-
then the economics of production determine which method is used in
commercial propagation. Table 6 page 98, gives the commercially
used methods of propagating certain woody ornamental plants that have t=en
sugges ted for a School nursery in Appendix A, Because seed of a
particular plant may require stratification while another may not, and
because = particular grafting or budding technique may be required for
successful propagation of a certain cultivar, it is suggested that

Reference 35, Plant Propagation Principles and Practices be consulted

before an unfamiliar plant is propagated.

Figure 66 . Seedlings of Oregon Figure 67, Sweetgum plants in
Grapeholly are germinated and seedling bed, August of the
grown 1 year under lath shade. second year.

Care of Rooted Cuttings, Grafts, and Seedlings

Softwood and greenwood cuttings that have been rooted in flats are

moved to outdoor frames where they are usually shaded for several days

Q
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Figure A3. Flats of rooted cut- Figure 69. Small narrowlea-wed
tings of forsythia in a coldframe. evergreens in pots in a coldframe.

before exposure to full sunlight. They are watered and fertilized appro-
priately that season and'are wintered in the frame. Early the following
spring, before growth has started, these plants are lined out in rows in
the field, or they are planted in containers for the production of con-
tainer stock. The fact that the flats can be moved directly to the
place where the plants will be planted is a great convenience. Similar
cuttings that were rooted directly in the greenhouse benches are care-
fully lifted and transplanted into coldframes, where they are given the
same care as those in flats. However, these small plants must be dug
out of the frame in the spring for planting in the field or in containers.
Hardwood cuttings of needle evergreens and dormant deciduous plants,
which develop shoots at the same time that roots are forming, are usually
carried in the same greenhouse in which they were propagated, at reduced
temperatures, until they can be moved to bads or frames in early spring.
Hardwood rooted cuttings of evergreens may remain in shaded beds for
several years before being lined out in the field. Hardwood cuttings of

some vigorous deciduous plants, such as forsythia and privet, may be

i07
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made in December, held in cold storage and plarnted in early spring as des-
cribed on page 109. If shoots have started to elongate before these stored
cuttings are planted, they will die in the field.

Grafted plants that are well knitted are handled according to the peth-
od used for Producing them., Evergreens in which the understock wais started
in pots in the greenhouse are carried in the greenhouse until the scion is
growing well. They are +hen Planted into outdoor beds or frames that are
shaded. Deciduous grafts oj a similar nature may be placed in a coldframe
under lath shade for a few days. After a week or two of exposure to full
“unlizit, they are taken from the frames aand lined out in the field. Plants
graited in the dormant condition and placed in storage for knitting are
usually 'ined out in the field in early spring before growth starts. Since
budding is nearly always done on rootstock that is already established in
the field, the resuliiig plants are usually grown to marketable size where
they were budded,

Seedlings of seed sown directly in the field are generally grown to
marketable size in that position. Such plants are often intended as under-
stock for budding, which is done in the field, Seedlings that were propa-
gated in seed beds are grown in that position for a year or two, depending
upon the growth rate of the Plant. DpDeciduous seedlings are often lifted in
the fall and stored for grafting under-~
stock, or lining out in early spring,
or for planting in containers. Seed-
lings of broadleaved evergreens and
certain deciduous plants may be grown
in the seed beds for 2 years under
lath shade, before being lined out
in the field. Seedlings of narrow-
leaved evergreens are generally
grown in the seed beds for 2 years,
In the fall of the 8econd year they
may be dug and potted to gerve as

grafting understock. Narrowleaved

Figure 70. Seedlings of Japanese evergreen seedlings to be lined out in
mapie being grown in a lath-shaded .

bed for 2 years before teing lined the field or tobe grown as container plants
out in the field. are usually transplanted in early spring.

i~
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CHAPTER 6

H

GROWING NURSEKY STOCK IN THE FIELD

Learning Objectives

To understand how soils are prepared and modified for planting trees
and shrubs in the nursery.

To be able to bed and line out nursery stock properly.

To know how to hold plants for short periods before they are planted.
To be able to dig and transplant bare-root stock as well as balled
and burlapped etock.

To learn how to fertilize nursery stock properly.

To know how to control weeds in the nursery.

To be able to prune nursery stock properly.

To recognize and be able to control insects and diseases in the nursery.
To understand how to protect nursery stock during winter.

To become familiar with the cultural techniques for crops of trees,
small trees, deciduous and evergreen shrubs, roses, perennials, vines

and ground covers.

Key Questions

Why is crop rotation necessary in a nursery?

What does "lining out' mean?

In what condition should soil be at the time of cultivation?

How are clay and sand enils modified before nursery stock is

transplanted into them? ;
How are weeds controlled in the nurse:v?

What are the purposes of top pruning and root pruning trees and shrubs?

What is the proper procedure for transplanting bare-root stock is

Balled and burlapped nursery Stock?

Why and how are trees sometimes tied to stakes?

How is nursery stcck protected from winter injury?
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Key Words

Aerate - cause air to circulate through
B&B - balled and burlapped
Crop rotation ~ growing different crops in succession on the same piece

o ~ of land

Defoliation -~ dropping or shedding of the leaves of plants
Friable s~il - soil that is easily crumbled or crushed
Fungicide - any substance used to kill fungi or prevent the growth o€
spores (often loosely used to refer to any disease control
material)
Granule - small grain-like particle
Leach -~ dissolved and washed away in the scil
Legumes - plants belonging to the pea family with seeds enclosed in pods; the
roots have nodules that contain nitrogen fixing bacteria
Lining out -~ tramsplanting nursery stock into rows in the field
Perennial - having a life cycle of more than 2 years
Pruning ~ the removal of dead or living plant parts to improve the health,
safety, or the shape of the plant
Shingletow - long, thin wood shavings

Growing Nurﬂegz Stock in the Field

froducing nursery stock for landscaping, czonservation, reforestation,
and orchards takes from 2 to €& years from the date of pPropagation, depend-
ing upon the kind of plant involved, until the plants are sold. Trees 15
feet tall may require 15 or more years in the nursery to reach this size.
The semi-skilled workers in a nursery need to kno% the cvltural require~
ments of growing nursery stock so that they can help to produce high

quality material efficiently.
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Technical information on how to modify the soil for nursery stock,
onn methods of propagation, digging, lining out, heeling-in, transplanting,
pruning, fertilizing, controlling pests and diseases, and other similar
operations in cthe nursery are important to the success of a nursery business.
A person with the knowledge and abiiity to carry out these tasks, and who
does them well, is likely 0o be asked to accept positions having greater

responsihility.

Crop Rotation Plans

The rotation of field-grown nursery crops is somewhat more compli-
cated than rotations for farm crops or greenhouse crops because some
nursery crops require 2 years to reach marketable size, while others
require 7 or more years.

In order for the nursery to have an annual supply of standard trees,
sugar maples for example, a crop of them must be planted each year so that
sugar maples will be ready for marketing 7 years later. In other words,
if the nursery is to market 200 sugar maples each year, it must plant
206 trees each year over every 7-year period. (Actually, it would plant
230 to 250 to allow for losses from numerous causes.) In any one year,
then, the nursery is growing 1400 sugur maples. It also has space, for
200 or 400 more sugar maples, that .s planted to a green manure crop £
1 or 2 years for soil improvement. Similar planning must be done for
each kind of plant grown in the nurser: .

Table 7, gives the spacing and the numbers of years to reach
marketable size for the groups of nur-ery stock. For examples of speci-
fic plants within these groups, see appendix A, page 203.

Cover crops or green manure crops are rotated with nursery crop
plants in order to replace at least a portion of the organic matter that
was lost in producing the nursery crop. A high organic matter content
results in better crop growth due to improved aeration, moisture holding
capacity, and nutrient reserves.




- 106 -

A cover crop »f a grass sod,
or a mixture of grasses and clover
is normally planted in the spring
following a fall-dug nursery crop.
It is fertilized well, and is
grown for 1 to 3 years before bein
turned under in the spring prior t
the planting of another nursery cr

A green manure crop rotation
...~ may be used to improve the soil in

1 year. Usually field corn, a sor

sudan cross, or soybeans are plant
Figure 71.

Red mzples require

5 to 8 foot spacing between rows
(Courtesy Princeton Nurseries,
Princeton, NJ).

in the spring. They are plowed un
in August and the field is then pl
ed with rye or winter wheat, which
plowed under the following spring, prior to planting a nursery crop. To

protect young nursery stock from being '"heaved," (lifted cut by freezing -
the soil during winter) a companion crop of oats may be sown after the las
fall cultivation. The oats are plowed vader in the spares between rows th

following spring.

ce— -

Table 7. Space and cropping time required by groups of nursery stock
Group Spacing Years
Between In
Rows Rows
Standard deciduous trees 3%-5 ft 18 in 2
3%-5 ft 36~48 in 7
8 ft 8 ft over 1% in caliper
Small deciduous trees 3%-4 ft 18 in 2~3
3%-4 ft 36-48 in 4-6
Evergreen Trees 4 ft 2-2% ft 6
Deciduous shrubs 3%-4 ft 12-24 in 3<4
Narrow-leaved evergreen 3%-4 ft 2-3 ft 5
shrubs
Deciduous and evergreen 4 ft 12 in 3
vines and ground covers
Perennial flowers 4 ft - 12 in
Roses 3%-4 ft 8-12 in 2

i12
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Soil Preparation and Modification

The success of growing nursery stock depends to a great extent on
the preparation of the soil for planting. Before plowing the soil, one
must determine whether it is in the right condition for working. If a
heavy clay soil is worked while it is too wet, clods will be created which
cannot be broken up all season. On the other hand, if a clay soil is too
dry, it becomes so hard that a plow cannot enter it. To determine if a
clay soil is in the right cond¥tion for working, one should pick up a
handful of soil and squeeze it between the thumb and fingers. If it
becomes a mud pie, the soil is too wet, and if it crumbles into dust,
it is too dry. When the soil can be 1lifted easily in one piece, yet
crumbles like pie crust when a little pressure is exerted on it, it is
time to cultivate the ground.

Loose, gritty or sandy soils can often be worked satisfactorily while
fairly wet with no harmful effects. Cultivation is not meruly loosening
the soil. When plowing, each slice of soil is turned completely so that
what was the top becomes the bottom. This helps distribute the organic
materials at the surface all through the soil layer in which the roots of
the nursery crop will grow.

Plowing of fields for nursery pIanting is often done in the fall for
several reasons, 1t improves the physical condition of the land, permits
greater decay of materials that are plowed in, allows earlier working
and planting in the spr.ag, and exposes insect pests and diseases to
destruction through freezing. Fall plowing also reduces the spring work
load which is usually very heavy.

Although many nurserymen use the moldboard plow ordinarily used in
farming operations, wmany have found that the chisel plow gives better
results. The chisel plow mixes the field debris or green manure crops
all through the soil instead of depositing them in a layer at the bottoum
of the plowed layer. It should not be used if the cover crop is one with
long branches, because these become tangled in the plow blades very quickly.
Best results are obtained if the field is plowed a second time with the

furrows at right angles to those of the first pass. A crawler tractor

113
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Figure 72.

soil. (Courtesy

is reccmmended

needed for chisel plowing than for moldboard plowing.

ation just before planting

R R ™

A chisel plow mixes green manure crops all through the
the American Nurseryman, Chicago.)

to avoid soil compaction.

consists of discing or harrowing twice,

A tractor of higher power is
Final soil pirepar-

the

second pass at right angles to the first.

WATER HELD AGAINST
GRAVITY (Capillary pore
Spaces)

A soil having good
structure.

Trees and shrubs grow best in
soils that are granular and friable.
If the soil structure is not friable
roots may not penetrate the soil
normall . Good root development is
important for transplanting survival
The ideal soil for root development
has very small particles of silt
and clay bound together into larger
aggregates or granules which do not

A

soil of this type absorbs water

readily fall apart when wet.

quickly, is well aerated, prcmotes

activity of soil microorganisms, and
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retains adequate soil moisture and nutrients.

Heavy clay soils and light sandy soils need to be modified before
ursery steck is planted in them. Heavy clay soils tend to compact which
results in poor aeration. Incorporating about 2 i{aches of organic matter
such as peat moss reduces the soil compaction. Heavy green manure crops
serve the same purpose and are the least expensive way to add organic
mafter to a nursery soil. Fcr this purpose, domestic rye may be sown in
September and Plowed under in April; sudan grass may be sown in April and
plowed uuder in July or August.

Light soils tend to dry out rapidly,and some of the nutrients sre
easily leached from them by heavy rains. The addition of organic matter
to light soils enables them to retain more nutrients and water.

As the organic matter decomposes, some of the nitrogen becomes tempor-
arily unavailable to plants and may cause the leaves to turn yvellow
(chlorotic). If 2 inches of organic matter have been applied, 20 pounds
of ammonium sulfate per 1000 square feet should be added before the organic
material is incorporated into the soil. If a soil test indicates a need

for other nutrients as well as nitrogen, they should also be incorporated

at this time.

Bedding and Lining Out Nursery Stock

Nursery stock is transplanted from the propagation bed into well
preparad transplant beds, coldframes or into the field. Proviéion should
be made for irrigating the transplants within 30 minutes after planting.
When nursery plants are lined-out in fields, they are often watered from
tanks mounted on trucks. Large portable irrigation systems may be used
for later watering. If the nursery plants are lined out in small
transplant beds, a smaller perforated pipe irrigation system is often
used.

Unroot::! cuttings of dormant deciduous plants, such as forsythia, that
have formed callus in cold storage, are lined out in the field in early
April. They form roots in a few weeks, followed by shoot grovth. Grafts of
dormant deciduous trees, such as crabapples, are often handled in the same

way as dormant unrooted cuttings.

IC 115~
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Certain kinds of nursery stock,
such as evergreens, are usually
lined out in transplan* beds or coid
frames for growing the first year,
rather than in fields. They are
usually transferred to fields the
following year. Slow-growing kinds
may remain in the beds for 2 years
Table 8 shows recommended spacing
in beds for different types of
plants. Spacings are given for

transplanting the nursery stock into

transplant beds, coldframes and
Figure 74 ., Nursei, stock being fields.

lined out in a bed. If the nursery ig on sloping
Iénd, cAre must be taken to arrange the rows across the slope, rather than
down it, in order to keep erosion to a minimum.

Some large nurseries are testing a technique of rooting cuttings in
flats and carrying the plants for the remainder of that season and through
the winter in the flats. JCareful attention to nutrition c¢nd moisture is
needed. The following spring the flats are moved to the field,and the
plants are lined out directly from them. This technique eliminates onz

transplanting operation.

Trangplanting

After the seedling stage and 1 or 2 year transplant stage, the
plant3 are ready to be moved into the fields in either spring or fall.
The objentive is to provide ideal couditions for rapid vigorous growth by
providing sufficient space between plants,by providing adequate water and
fertilizer ,and by eliminating competition from weeds aund pests.

Evergreen plants are transplanted from heds to the nursery field by

hand with the use of lifting bars or spzdes, furrow plows and trowels, or

16
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